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'THE  omiKion  of  the  Btady  of  Natural  SoMooe  from  the  ooune  of  instnietioo 
-L  generally  followed  in  this  ooontrjr,  wpears  a  neglect  of  one  of  the  meet  impor- 
tant means  of  inteUeetoal  discipline  and  moral  improvement  which  the  Almighty 
has  placed  within  onr  reach.  This  study,  rightly  porraedy  has  for  its  ohjeet  to 
enable  us  to  read  with  understanding  in  that  bright  volume  of  Creation,  the  pages 
of  which  are  daily  and  hooriy  unrolled  before  us.  To  every  one  do  ^  the  Heavens 
dedare  the  fflonr  of  God,"  whilst « the  Earth"  shows  itself  *•  full  of  His  goodness  f 
but  most  of  all  to  him  who  has  learned  to  interpret  the  wonders  they  dinplay  ; 
and  to  traee^  in  the  glorious  wovics  by  which  he  is  surrounded,  His  power,  wisdom, 
and  love. 

As  a  means  of  intellectual  discipline,  the  study  of  Natural  Science  is  periiaps 
second  to  none.  Habits  of  accurate,  discriminating,  unprejudiced  obsemtion  ; 
of  cautious  reasoning,  and  of  sound  judgment ;  together  with  a  fearless  love 
of  Truth,  axe  culttviSed  by  it.  Moreover,  it  has  uie  advantage  of  interesting 
Ac  pupil  much  more  than  the  greater  part  of  the  ordinary  routine  of  instme* 
tion ;  and  irill  tend  to  increase  his  desire  for  the  attainment  d  valuable  knowledse 
of  any  descrq»tion«  Further,  at  the  present  day,  when  Sdenoe  is  oonstanUy 
fbrnfahing  some  new  and  important  improvement  in  those  Arts  which  minister 
so  much  to  our  comfort,  ana  in  their  turn  contribute  in  various  modes  to  the 
expansion  of  the  intellect,  the  practical  benefit  of  a  penenl  aoqnainianoe  with  its 
nnndples  is  sufBciently  evident.  And  whatever  portmn  may  be  dostitnte  of  sudi 
direct  application,  wfll  be  found  to  have  naes  of  its  own,  in  nmishing  subjects  for 
the  healthy  occupation  of  the  thon^ti^  and  objects  of  pursuit  as  rational  and 
interesting  relaxation* 

No  woiks  at  present  before  the  public  appssr  to  be  altogether  suitable  to  this 
purpose ;  the  greater  number  of  oirieiiif  Elomeniary  Treatises  on  Natural  Science 
being  littie  else  than  abridgments  of  larger  works ;  so  that  they  are  much  behind 
the  present  state  of  science,  and  are  for  the  most  part  but  inaccurate  copies  of 
one  another,  executed  in  a  mechanical  spirit,  and  destitute  of  the  striking  novel- 
ties whidi  seientifte  research  is  constantly  bringing  into  view.  The  Publishers 
have  therefore  determined  upon  bringing  out  a  oonnected  series  of  Treatises 
upon  the  principal  departments  of  Natnnl  Sdenee,  designed  and  executed  in 
aooordanos  with  the  views  above  expreswd.  It  is  intended  that  these  shonld 
all  be  foandod  upon  such  knowledge  as  eveiy  person  of  ordinsnr  cspaeity 
possesses,  and  tiiat  tiie  attention  of  the  Nader  should  be  dkeeted  &  the  lint 
mstaaeo  to  phenomena  of  constant  occurrence  around  him ;  and  it  is  hoped 
that  by  a  judicious  mode  of  twisting  ths  subject,  principles  may  be  gradually 
developed  in  snob  a  manner  as  to  render  tibem  AiUy  comprehensible^  and  their 
mors  extended  af^Ucation  thus  marked  oat    ^  The  neslecting  to  fonn  a  proper 

pvsvioasly-aoqnired  knowledge ;  the  nalsrvaliung  the  results  of 
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PREFACE. 


The  want  of  a  good  Elementary  Treatise  on  Animal  Physi- 

o]<^3r<,  has  been  very  greatly  felt  by  those,  who  have  desired  to 

gain  a  general  acquaintance  with  the  Science,  or  who  are  entering 

npon  the  professional  study  of  it.    Indeed,  the  Author  is  inclined 

to  belieye,  that  one  cause  of  the  almost  complete  exclusion  of  the 

subject  from  the  Educational  system  of  this  country,*  may  be 

traced  to  that  deficiency.    In  France  it  has  long  been  otherwise. 

A  competent  knowledge  of  Animal  Physiology  and  Zoology  is 

there  required  from  every  Candidate  for  University  honours ; 

and  men  of  the  highest  scientific  reputation  do  not  think   it 

beneath  them,  to  write  elementary  books,  for  the  instruction  of 

the  beginner. 

The  general  plan  of  this  volume,  is  the  same  with  that  of  the 
Treatise  on  Physiology,  contributed  by  M.  Milne-Edwards,  one 
of  the  most  eminent  Naturalists  in  France,  to  the  ^*'  Elementary 
Course  of  Natural  History,"  adopted  by  the  French  Government 
as  the  Text-Book  of  instruction,  in  the  Colleges  connected  with 
the  Univernty  of  Paris.  It  has  the  advantage  of  possessing  the 
same  admirable  and  beautifully-executed  series  of  Illustrations, 
as  those  which  have  been  prepared  for  that  work,  together 

*  The  Vnivenity  of  Tendon  have  introduced  it  into  the  courte  of  study 
re^Qired  for  the  d^ree  of  Bachelor  of  Arti. 
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with  many  additions  ;  and  a  continuation  of  the  same  will  appear 
in  the  Treatise  on  Zoology,  which  will  be  next  in  order  of 
publication. 

In  the  execution  of  the  details,  however,  much  difference  will 
be  found.  Wliilst  careful  to  omit  nothing  of  any  real  import- 
ance in  the  work  of  M.  Milne-Edwards,  the  Author  of  the  present 
Treatise  has  found  it  preferable  to  give  to  it  a  character  altogether 
distinct.  The  increased  size  of  the  volume  (which  is  twice  the 
bulk  of  the  '^  Anatomie  et  Physiologic'''')  admitted  of  the  intro- 
duction of  a  large  amount  of  matter,  which  he  believes  vrill  be 
found  of  great  interest  and  importance  ;  and  to  have  interwoven 
this  with  a  formal  translation  of  the  French  Treatise,  would  have 
been  a  much  greater  labour  than  the  composition  of  an  original 
work ;  whilst  he  ventures  to  think  that  its  result  would  have 
been  less  satisfactory. 

Moreover,  there  is  a  considerable  difference  in  the  character 
and  objects  of  the  two  Treatises.  That  of  M.  Milne-Edwards  is 
almost  entirely  composed  of  details  ;  whilst  the  Author  of  the 
following  Volume  has  been  desirous  to  make  it  conformable,  as 
far  as  possible,  to  the  plan  of  the  Series  of  which  it  forms  part, 
by  combining  with  these  as  many  general  prineiplet^  as  the 
present  state  of  the  Science  might  warrant  his  introducing.  It 
has  been  his  constant  endeavour  to  make  his  Treatise  interesting 
to  the  intelligent  reader,  by  stating,  not  only  wkai  m,  but  why 
U  is  §0,  And  if  there  should  seem  a  needless  repetition  of  certain 
principles  or  iiActs,  which  are  often  referred  to  in  the  course  of  the 
volume,  he  would  observe,  that  he  has  found  the  advantage,  in 
his  labours  as  a  Teacher,  of  frequently  bringing  these  promi- 
nently before  his  Pupils  ;  and  that  he  has  therefore  considered, 
that  it  would  be  advantageous  for  his  Readers  also. 

Although  this  Volume  cannot  be  regarded  as  an  abridgment 
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of  either  of  the  Author^s  larger  works  (Principles  of  General  and 
Comparatiye  Physiology,  and  Principles  of  Human  Physiology,) 
yet  it  neceflsaiily  contains  much  in  common  with  them,  and  may 
be  adrantageonsly  used  as  an  introduction  to  them.  He  has 
been  desirous  of  putting  forward  in  this  Treatise,  such  general 
views  only,  as  are  entitled  to  take  rank  among  the  established 
principles  of  the  science ;  and  he  has  consequently  avoided  all 
reference  to  many  interesting  questions,  which  will  be  found 
touched  upon  in  his  larger  works ;  and  has  excluded  everything 
of  a  controversial  chamcter.  Acting  upon  this  plan,  he  has 
thought  it  right  to  include  the  substance  of  an  Essay  of  his  own, 
on  the  action  of  Cells  in  the  Animal  body,  which  has  been 
characterised  by  an  able  Critic  as  '^  commanding  the  highest 
respect  of  any  one  who  knows  the  extreme  rarity  of  the  power 
of  systematic  and  comprehensive  generalisation,  and  can  value 
every  approach  to  the  explanation  of  various  and  complicated 
phenomena,  by  reducing  them  to  a  few  comparatively  simple 
principles";*  whilst  he  has  admitted,  to  a  very  limited  extent 
only,  the  recently  promulgated  chemical  doctrines  of  Liebig, 
many  of  which,  although  they  present  a  specious  probability, 
vrill  be  found  to  have  a  very  limited  application,  and  to  be,  in 
consequence,  un-entitled  to  take  rank  as  established  principles. 

He  has  only  further  to  add  that,  whilst  keeping  in  view  the 
most  important  practical  applications  of  the  Science  of  Physiology, 
he  has  not  thought  it  desirable  to  pursue  these  too  far ;  since  they 
constitute  the  details  of  the  Art  of  Preserving  Health,  which  is 
founded  upon  it,  and  which  may  be  much  better  studied  in  a 
distinct  form,  when  this  outline  of  the  Science  has  been  mastered. 
And,  for  the  same  reason,  he  has  adverted  but  slightly  to  those 
inferences,  respecting  the  Infinite  Power,  Wisdom,  and  Goodness, 

*  Westminster  Review,  August,  1843,  p.  247. 
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of  the  Great  First  Cause;  which  are  more  obvious,  although, 
perhaps,  not  really  more  clear  and  valid,  in  this  Science,  than  in 
any  other.  Believing,  as  he  does,  that  these  inferences  are  more 
satisfactorily  founded  upon  the  principles,  than  upon  the  facts, 
of  the  Science, — or  in  other  words,  upon  the  general  manifesta- 
tions of  Law  and  Order ^  than  upon  individual  instances  of 
Design, — ^he  has  thought  it  the  legitimate  object  of  this  Treatise, 
to  lay  the  foundation  for  them,  by  developing,  so  far  as  might  be, 
the  Principles  of  Physiology ;  leaving  it  to  a  Special  Treatise  on 
Natural  Theology,  to  build  up  the  applications. 
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INTRODUCTION. ' 


The  importance  of  the  stady  of  Animal  Physiology,  as  a 
branch  of  Greneral  Education,  can  scarcely  be  over-estimated  ; 
and  it  is  remarkable  that  it  is  not  more  generally  appreciated. 
It  might  have  been  supposed  that  curiosity  alone  would  have  led 
the  mind  of  Man  to  the  eager  study  of  those  wonderful  actions, 
by  which  his  body  is  constructed  and  maintained ;  and  that  a 
knowledge  of  those  laws  on  which  the  due  performance  of  these 
actions, — in  other  words,  his  health, — depends,  would  have  been 
an  object  of  universal  pursuit.  That  it  has  not  hitherto  been  so, 
may  be  attributed  to  several  causes.  The  very  familiarity  of 
the  occurrences  is  one  of  these.  We  are  much  more  apt  to  seek 
for  explanations  of  phenomena  that  rarely  present  themselves, 
than  of  those  which  we  daily  witness.  The  Comet  excites  the 
curiosity  of  the  vulgar,  whilst  the  movements  of  the  sun,  moon, 
and  planets  are  regarded  by  them  as  things  of  course.  We 
almost  daily  see  vast  numbers  of  animals,  of  different  tribes,  in 
active  life  around  us :  their  origin,  growth,  movements,  decline, 
death,  and  reproduction,  are  continually  taking  place  under  our 
eyes ;  and  there  seems  to  common  apprehension  nothing  to  ex- 
plain,  where  everything  is  so  apparent.  And  of  Man,  too,  the 
ordinary  vital  actions  are  so  familiar,  that  the  study  of  their 
conditions  appears  superfluous.  To  be  bom,  to  grow,  to  be 
subject  to  occasional  disease,  to  decline,  to  die,  is  his  lot  in 
common  vrith  other  animals;  and  what  knowledge  can  avail 
(it  may  be  asked)  to  avert  the  doom  imposed  on  him  by  hia 
Creator? 
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In  reply  to  this  it  is  sufficient  to  state,  that  millioni  annually 
perish  from  a  neglect  of  the  conditions  which  Divine  wisdom 
has  appointed  as  requisite  for  the  preservation  of  the  body  from 
fatal  disease;  and  that  millions  more  are  constantly  suffering 
pain  and  weakness,  that  might  have  been  prevented  by  a 
simple  attention  to  those  principles,  which  it  is  the  province  of 
Physiology  to  unfold.  From  the  moment  of  his  birth,  the  infant 
is  almost  entirely  dependent  upon  the  condition  in  which  he  is 
placed,  for  the  future  development  of  his  frame ;  and  it  depends 
in  great  part  upon  the  care  with  which  he  is  tended,  and  the 
knowledge  by  which  that  care  is  guided,  whether  he  shall  grow 
up  in  health  and  vigour  of  body  and  mind,  or  become  weakly, 
fretful,  and  self-willed,  a  source  of  constant  discomfort  to  himself 
and  to  others ;  or  form  one  of  that  vast  proportion,  whose  lot  it 
is  to  be  removed  from  this  world,  before  infancy  has  expanded 
into  childhood.  The  due  supply  of  warmth,  food,  and  air,  are 
the  principal  points  then  to  be  attended  to ;  and  on  every  one  of 
them  the  greatest  errors  of  management  prevail.  Thousands  and 
tens  of  thousands  of  infants  annually  perish  during  the  few  first 
days  of  infancy,  from  exposure  to  cold,  which  their  feeble  frames 
are  not  yet-able  to  resist ;  and  at  a  later  period,  when  the  infant 
has  greater  power  of  sustaining  its  own  temperature,  and  is  con.- 
sequently  not  so  liable  to  suffer  from  this  cause,  the  seeds  of 
future  disease  are  sown,  by  inattention  to  the  ample  physiological 
principles,  which  should  regulate  its  clothing  in  accordance  with 
the  cold  or  heat  of  the  atmosphere  around.  Nor  is  less  injury 
done,  by  inattention  to  the  due  regulation  of  the  diet,  as  to  the 
quantity  and .  quality  of  the  food,  and  the  times  at  which  it 
should  be  given ;  the  rules  for  which,  simple  and  easy  as  they 
are,  are  continually  transgressed  through  ignorance  or  careless- 
ness. And,  lastly,  one  of  the  most  fertile  sources  of  infantile 
disease,  is  the  want  of  a  due  supply  of  pure  and  wholesome  air ; 
the  effects  of  which  are  sure  to  manifest  themselves  in  some  way 
or  other,  though  often  obscurely  and  at  a  remote  period.     It  is 
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phynologically  imposrible  for  hunuui  beings  to  grow  up  in  a 
■onnd  and  healthy  state  of  body  and  mind,  in  the  midst  of  a 
doee,  ill-Yentikted  atmosphere.  Those  that  are  least  able  to 
Rsisi  its  banefal  influence,  are  carried  oflF  by  the  diseases  of  in- 
fcncy  and  childhood ;  and  those  whose  native  vigour  of  consti- 
tation  enables  them  to  struggle  through  these,  become  the 
victims,  in  later  years,  of  diseases  which  cut  short  their  term  of 
Kfe,  or  deprive  them  of  a  large  part  of  that  enjoyment  which 
health  alone  can  bring. 

Nor  is  the  effect  of  these  injurious  causes  confined  to  infancy, 
though  most  strikingly  manifested  at  that  period.  "  The  cliild 
is  fatiier  to  the  man,"  in  body  as  well  as  in  mind ;  but  the 
vigorous  health  of  the  adult  is  too  often  wasted  and  destroyed  by 
excesses,  whether  in  sensual  indulgence,  in  bodily  labour,  or  in 
mental  exertion,  to  which  the  very  feeling  of  buoyancy  and 
enei^  often  acts  as  the  incentive ;  and  the  strength  which,  care- 
fidly  husbanded  and  sustained^  might  have  kept  the  body  and 
mind  in  activity  and  enjoyment,  to  the  full  amount  of  its  allotted 
period  of  **  threescore  years  and  ten/'  is  too  frequently  dissipated 
in  early  manhood*  «0r,  again,  the  want  of  the  necessary  con* 
ditions  for  the  support*  of  life^ — ^the  warmth,  food,  and  air,  ou 
which  the  body  depends  for  sustenance,  no  less  than  for  its  eariy 
development, — may  cause  its  early  dissolution,  even  where  the 
individual  is  guiltless  of  haviAg  impaired  its  vigour  by  his  own 
tiaasgressions. 

These  statements  are  not  theoretical  merely :  they  are  based 
upon  facts  drawn  from  observations  carried  on  upon  the  most 
extensive  scale.  Wherever  we  find  the  conditions,  which  the 
Physiologist  asserts  to  be  most  favourable  to  the  preservation  of 
the  health  of  the  body,  most  completely  fulfilled,  there  do  sick- 
ness and  mortality  least  prevul.  A  few  facts  will  place  this 
subject  in  a  striking  light.  ^*  The  average  mortality  of  infants 
among  rich  and  poor  in  this  country  (and  with  little  variation 
throughout  Europe)  is  about  1  in  every  4^  before  the  end  of  the 
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first  year  of  existence.'  So  directly,  however,  is  infant  life 
infloenced  by  good  or  bod  management,  that,  about  a  centnry 
ago,  the  workhouses  of  London  presented  the  astounding  result 
of  23  deaths  in  dvery  24  infants,  under  the  age  of  one  year.  For 
a  long  time,  this  frightful  devastation  was  allowed  to  go  on  as 
beyond  the  reach  of  human  remedy.  But  when  at  last  an 
improved  system  of  management  was  adopted,  in  cdnsequence  of 
a  parliamentary  inquiry  having  taken  place,  the  proportion  of 
deaths  was  speedily  reduced  from  2600  to  450  in  a  year.  Here, 
then,  was  a  total  of  2150  instances  of  loss  of  life,  ocourring  yearly 
in  a  single  institution,  chargeable,  not  against  any  unalterable 
decrees  of  Providence,  as  some  are  disposed  to  contend  as  an 
excuse  fur  their  own  negligence;  but  against  the  ignorance, 
indifference,  or  cruelty  of  man.  And  what  a  lesson  of  vigilance 
and  inquiry  ought  not  such  occurrences  to  convey,  when,  even 
now,  with  all  our  boasted  improvements,  every  tenth  infant  still 
perishes  within  a  month  of  its  hirtk  /'^  * 

A  recent  visitor  to  the  island  of  St.  Kilda,  the  most  northern 
of  the  Hebrides,  states  that  8  out  of  every  10  children  die  between 
the  eighth  and  twelfth  day  of  theur  existence ;  in  consequence  of 
which  terrible  mortality,  the  population  of  the  island  is  diminish- 
ing rather  than  increasing.  This  is  due,  not  to  anything  injuria 
ous  in  the  position  or  atmosphere  of  the  island ;  for  its  ''  air  is 
good,  and  the  water  excellent :"  but  to  the  **  filth  in  which  th& 
inhabitants  live,  and  the  noxious  effluvia  which  pervade  their 
houses."  The  huts  are  small,  low-roofed,  and  without  windows  ; 
and  are  used  during  the  winter  as  stores  for  the  collection  of 
manure,  which  is  carefully  laid  out  upon  the  floor,  and  trodden 
under  foot,  till  it  accumulates  to  the  depth  of  several  feet.  The 
clergyman,  who  lives  exactly  as  those  around  him  do,  in  every 
respect,  except  as  regards  the  condition  of  his  house,  has  reared 
a  family  of  four  children,  all  of  whom  are  well  and  healthy ; 

.    *  Dr.  A.  Combe  on  the  Phytiological  and  Moral  Management  of  Infancy. 
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whereas,  according  to  the  avenge  mortality  around  him,  at  ]ea«t 
three  out  of  the  four  would  have  been  dead  withiu  the  first  fort* 
n^ht. 

One  of  the  most  terrible  instances  ever  recorded,  of  infant  mor- 
talitj  resulting  from  mismanagement,  is  that  which  occurred  at 
the  end  of  last  century,  in  the  Dublin  Foundling  Hospital. 
During  the  space  of  21  years,  ending  in  1796,  out  of  10,272  sick 
children  sent  to  the  infirmary,  only  45  recovered.  In  this  case, 
not  only  deficient  ventilation  and  improper  food,  but  the  most 
criminal  treatment,  was  concerned  in  the  fearful  result.  The 
children  were  not  provided  with  nurses,  but  were  fed  by  hand; 
"when  they  cried  and  became  troublesome,  they  were  dosed 
with  laudanum  to  keep  them  still;  and  the  laudanum  did  succeed 
in  keeping  them  still,  for  many  of  them  never  awoke."  In 
another  iiistitntion  in  Publin,  a  most  important  improvement 
has  been  effected  by  simple  attention  to  cleanliness  and  ventila- 
tion. At  the  cPAclusion  of  1782,  out  of  17,650  infants  bom 
alive,  2944,  or  nearly  every  9ixth  child,  died  within  the  first 
fortnight.  By  the  employment  of  additional  means  of  ventilat- 
ing, the  w^^jrds,  the  number  of  deaths  was  speedily  reduced  to 
only  419  out  of  8033,  or  about  one  in  19^,  instead  of  one  in 
efery  6;  and  it  h$s  recently  been  still  further  dimini^ed.  4- 
vast  niunbfsr  of  facto  of  a  similar  kind  might  be  brought  together, 
all  proving  the  same  thing.  It  may  be  sufficient  to  add  the 
following  statement  of  the  comparative  number  of  deaths  of 
children  under  five  years  of  age,  in  London,  during  successive 
periods  of  20  yoavs;  as  proving  the  benefit  derived  from  increased 
attention  to  the  physiological  conditions  requisite  for  health.  In 
the  2Q  years  subsequently  to  1730,  out  of  every  100  children 
born,  74^,  or  nearly  tfiree  out  offour^  died  before  they  were  five 
years  old.  In  the  succeeding  20  years,  the  proportion  of  deaths 
was  reduced  to  63.  in  IQO,  or  less  than  two-thirds.  Between 
1770  and  1700,  it  was  only  b\\  m  100,  or  little  more  than  one- 
balf.    In  the  20  years  succeeding  1790,  it  was  further  reduced 
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to  41^  in  100,  or  little^more  than  two-fifths.  And  between 
1810  and  1830,  it  waa  no  more  than  32  in  100,  or  less  than  one- 
third.  Now  although  the  introduction  of  Yaocination  has  un- 
questionably had  a  share  in  reducing  the  mortality  of  infants,  by 
mitigating  that  terrible  scourge,  the  small-pox,  yet  it  will  be 
perceived  that  the  principal  diminution  took  place  previously  to 
the  time  when  this  came  into  general  use,  which  was  not  until 
the  commencement  of  the  present  century. 

It  is  not  only,  however,  in  diminishing  mortality,  but  in  pro- 
moting health  of  body  and  mind,  that  attention  to  the  laws  of  life, 
as  ascertained  and  applied  by  the  physiologist,  proves  efficacious. 
A  remarkable  and  interesting  '^  case  in  point,''  is  that  of  the 
Orphan  Asylum  in  Albany  (New  York),  which  was  opened  in 
the  end  of  1829  ^rith  about  70  children,  the  number  being  sub- 
sequently increased  to  80.  '^  During  the  ^t  three  years,  when 
an  imperfect  mode  of  management  was  in  operation,  firom  4  to  6 
children  were  constantly  on  the  sick  list,  and  sometimes  more ; 
one  or  two  assistant  nurses  were  necessary ;  the  physician  was 
in  regular  attendance  twice  or  thrice  a  week ;  and  the  deaths 
amounted  in  all  to  between  30  and  40,  or  about  one  in  every 
month.  At  the  end  of  this  time,  an  improved  system  of  diet 
and  general  management  was  adopted ;  and  notwithstanding  the 
disadvantages  inseparable  from  the  orphan  state  of  the  children, 
the  results  were  in  the  highest  degree  satisfactory.  The  nursery 
was  soon  entirely  vacated,  and  the  services  of  the  nurse  add  phy- 
sician no  longer  needed ;  and  for  more  than  two  years,  no  ease 
of  sickness  or  death  took  place.  It  is  also  stated  that,  since  the 
new  regimen  has  been  fully  adopted,  there  has  been  a  remark- 
able increase  of  health,  strength,  activity,  vivacity,  cheerfulness, 
and  contentment,  among  the  children.  The  change  of  temper  is 
also  very  great;  they  have  become  less  turbulent,  irritable, 
peevish,  and  discontented;  and  far  more  manageable,  gentle^ 
peaceable,  and  kind  to  each  other.^'  * 

•  Combe  on  lo&ocj. 
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Bui  this  ixnproyement  has  taken  place,  not  only  in  regard  to 
infant  health,  bnt  also  in  the  duration  of  life  among  adults* 
Notwith8tan<&ig  the  common  impression,  that  the  men  of  the 
present  race  haye  sadly  degenerated  from  their  ancestors,  both  as 
to  bodily  and  mental  yigonr,  a  closer  examination  shows  that 
this  is  a  fiiUacy ;  and  that  we  are  misled  by  the  pre-eminence 
attained  among  theur  fellows,  by  men  of  athletic  frames  and 
animal  courage,  at  the  time  when  brute  force  commanded  the 
chief  respect  and  obedience.  In  regard  to  the  average  duration 
of  life,  which  may  be  regarded  as  affording  a  tolerably  accurate 
test  of  bodily  yigour,  it  is  unquestionable  that  a  vast  improve- 
ment has  taken  place  during  the  last  1800  years.  It  has  been 
ascertained  from  historical  records,  that  the  average  duration  of 
life  among  the  ancient  Romans,  when  compared  with  that  of  the 
English  of  the  present  day,  was  as  two  to  three ;  that  is,  out  of 
thirty  Romans,  as  many  would  have  died  in  a  given  time,  as  out 
of  f«rty-five  Englishmen.  The  term  of  human  life  has  undergone 
a  considerable  increase,  even  within  the  last  hundred  years.  Not 
only  has  tho  average  mortality  of  the  whole  civilised  world 
decreased,  in  consequence  of  the  greater  care  and  judgment 
exercised  in  the  treatment  of  infants  and  children,  but  the  value 
of  life — that  is,  the  probable  number  of  years  which  any  one  may 
expect  to  live — ^has  considerably  increased.  This  is  proved  by  the 
f^t,  that  the  tables  which  were  computed  seventy  or  eighty 
years  ago,  of  the  average  number  of  deaths  for  each  year  of  life, 
and  which  served  as  the  basis  for  the  calculations  of  Insurance 
companies,  are  now  found  to  have  under-rated  the  duration  of 
life  very  considerably ;  the  average  number  of  deaths  that  would 
take  place  in  a  year,  out  of  one  thousand  adults  of  any  given  ago 
— say  thirty-five*— being  much  less  at  present  than  it  was  when 
those  tables  were  constructed ;  and  a  larger  proportion,  therefore, 
living  to  an  advanced  period  of  life. 

But  when  we  examine  the  abodes  of  squalid  poverty,  and 
witness  the  filth,  destitution,  and  wretchedness,  which  prevail 
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there,  we  cannot  but  feel  that  a  yet  greater  improvement  is 
destined  still  to  result  from  any  measureSy  that  shall  conyert 
these  into  the  dwellings  of  a  cheerful,  cleao^  well-^fed,  thriving 
population.  It  appears  from  the  examination  of  the  tables  of 
mortality  in  France,  that  the  number  of  desiha  per  annUm, 
among  the  poor,  is  mare  them  twice  (ugreai^  in  proportion  to  the 
whole  number,  as  it  is  among  those  in  easy  ciicumstances ;  a^id 
it  can  scarcely  be  doubted  that  the  same  proportion  holds  good 
in  this  country.  If  the  averagCi  duration  of  life,  and  fireedom 
from  sickness,  among  the  poor,  could  be  raised  to  the  standard 
which  prevails  among  the  higher  classes,  the  whole  average  mor* 
tality  of  this  countiy  would  doubtless  be.reduoed,  by  anainount 
\i  least  as  great  as  it  is  already  less  than  that  of  the  most 
unhealthy  countries  of  Europe.  Whilst  in  England  and  Scotland, 
no  more  than  one  in  fifty-eight  now  die  every  yeai^^  out  fA  the 
whole  population, — one  in  forty-five  amraally  die  in  Germany, 
one  in  thirty-nine  in  France,  one  in  thirty  in  Turkey  and  in 
Italy  in  general,  and  one  in  twenty-eight  in  the  Boman  and 
Yenetian  states ;  so  that  it  would  almost  seem  that,  the  inore 
favourable  the  climate,  the  greater  carelessness  is  there  rtepecting 
the  other  means  that  conduce  to  the  preservation  of  life  and 
health. 

It  is  a  principle  now  universally  admitted,  that  the  life  or 
Tital  actions  of  no  one  species  of  animal  can  be  correctly  under* 
stood,  unless  compared  with  those  of  other  tribes  of  difiorent 
conformation.  Hence»  for  the  student  of  Physiology  to  confine 
himself  to  the  observation  of  what  takes  place  in  Man  alone, 
would  be  as  absurd  as  for  tlie  Astronomer  to  restrict  himself  to 
-  the  observation  of  a  single  planet,  or  for  the  Chemist  to  ^dea* 
^our  to  determine  the  properties  of  a  metal  by  the  study  of  those 
t)f  one  alone.  There  is  not  a  single  species  of  animal,  that  does 
not  present  us  with  a  set  of  facts,  which  we  should  never  leant 
but  by  observing  it ;  and  many  of  the  facts  aseortained  by  the 
observation  of  the  rimplest  and  most  common  animftlifi^  throw 
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great  light  npon  the  great  ohject  of  all  our  inquiries,  the  Phy* 
tiology  of  Mas.  For  though  in  him  are  comhined,  in  a  most 
wonderful  and  unequalled  manner,  the  various  faculties  which 
separately  exhibit  themselves  in  various  other  animals,  he  is  not 
the  most  favourable  subject  for  observing  their  action ;  for  the 
obvious  reason  that  his  machinery  (so  to  speak)  is  rendered  too 
complex,  on  account  of  the  multitude  of  operations  it  has  to  per- 
fonn.  So  that  we  often  have  to  look  to  the  lowest  and  simplest 
animals,  for  the  explanation  of  what  is  obscure  in  Man ;  their 
actions  being  less  numerous,  and  the  conditions  which  they 
require  being  more  easily  ascertained.  Hence,  even  if  we  restrict 
our  aims  to  the  investigation  of  that  wonderful  series  of  actions^ 
of  which  the  sum  makes  up  the  life  of  the  Human  being,  we  are 
obliged  to  refer  to  a  number  of  other  tribes,  for  the  assistance 
which  we  gain  from  the  comparison  of  their  structure  and  opera- 
tions  with  his.  But  if  we  go  further,  and  aim  to  build  up 
PhjTsiology  as  a  science,  and  to  place-  it  en  the  same  footing  with 
mechanics,  chemistry,  or  any  of  those  sciences  which  are  founded 
upon  the  phenomena  of  inorganic  matter,  we  must  consider  Man 
but  as  one  out  of  many  hundred  thousand  tribes  of  living  beings, 
all  whose  actions  have  to  be' studied,  the  whole  history  of  their 
lives  unveiled,  &nd  their  minutest  structure  determined.  Until 
this  has  been  done,  Physiology  will  be  deficient  in  the  exactness 
which  it  may  hope  ultimately  to  possess ;  but  there  is  much  in 
its  recent  progress  and  present  state,  which  encourages  the  hope, 
that  the  time  is  not  far  off  when  its  claims  to  attention  will  be 
universally  recognised*  There  is  certainly  no  science  which  more, 
constantly  and  forcibly  brings  before  the  mind  the  power,  wis* 
dom,  and  goodness  of  the  Creator.  For  whilst  the  astronomer 
has  to  seek  for  the  proofs  of  these  attributes  in  the  motions  and 
adjustments  of  a  universe,  whose  nearest  member  is  at  a  distance 
which  imagination  can  scarcely  realise,  the  physiologist  finds 
them  in  the  meanest  worm  that  we  tread  beneath  our  feet,  or  in 
the  humblest  zoophyte  dashed  by  the  waves  upon  our  shores,  no 
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less  than  in  the  gigantic  whale,  or  massiTe  elephant.  And  the 
wonderful  diversity  which  exists  amongst  the  several  tribes  of 
animals,  presents  us  with  a  continual  variety  in  the  mode  in  which 
these  adjustments  are  made,  that  prevents  us  from  ever  growing 
weary  in  the  search. 

The  diffusion  of  animal  life  is  only  one  degree  less  extensive 
than  that  of  vegetable  existence.  As  Animals  cannot,  like  Plants, 
obtain  their  support  directly  from  the  elements  around,  they 
cannot  maintain  life,  where  life  of  some  kind  has  not  preceded 
them.  But  vegetation  of  the  humblest  kind  is  often  sufficient 
to  maintain  animals  of  the  highest  class.  Thus  the  lichen  that 
grows  beneath  the  snows  of  Lapland  is,  for  many  months  in  tho 
year,  the  only  food  of  the  rein-deer,  and  thus  contributes  to  the 
support  of  human  races,  which  depend  almost  solely  upon  this 
useful  animal  for  their  existence.  No  extremes  of  temperature 
in  our  atmosphere  seem  inconsistent  with  animal  life.  In  the 
little  pools  formed  by  the  temporary  influence  of  the  sun  upon 
the  surface  of  the  arctic  snows,  animalcules  have  been  found  in 
a  state  of  activity ;  and  the  tracts  of  red  snow,  which  frequently 
cover  the  surface  of  arctic  and  alpine  regions  for  miles  in  extent, 
are  formed,  not  merely  by  the  little  cryptogamic  plant  elsewhere 
described  (Ybobt.  Phys.  §.  48),  but  by  incalculable  multitudes 
of  certain  species  of  animalcules,  and  by  the  eggs  of  other  kinds. 
And  the  ocean  of  those  inhospitable  regions  is  tenanted,  not 
only  by  the  whales  and  other  monsters  which  we  think  of  as 
their  chief  inhabitants,  whose  massive  forms  are  only  to  be 
•encountered  '^  few  and  far  between,^^  but  by  the  shoals  of  smaller 
fishes,  and  inferior  animals  of  various  kinds  upon  which  they 
feed,  and  through  the  vast  fleets  of  which  the  mariner  sub  for 
many  miles  together. 

On  the  other  hand,  even  the  hottest  and  most  arid  portions  of 
the  sandy  deserts  of  Africa  and  Asia,  axe  inhabited  by  animals 
of  various  kinds,  provided  that  vegetables  have  existed  there. 
The  humble  and  toilsome  ants  make  these  their  food,  and  become 
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in  tarn  the  piey  of  the  cmraing  ant-lion  and  of  the  agile  lizard ; 
and  these  tjrrants.are  in  their  tnm  kept  under,  hy  the  Toracity 
of  the  hirds  which  are  adapted  to  prey  npon  them.  The  waters 
of  the  tropical  ocean  never  acquire  any  high  temperature,  owing 
to  the  constant  interchange  which  is  taking  place  between  them 
■ad  those  of  colder  regions ;  hut  in  the  hot  springs  of  yarioas 
parts  of  the  world,  we  have  examples  of  the  compatibility  of 
eyen  the  heat  of  boiling  water  with  the  preseryation  of  animal 
life.  Thus  in  a  hot  spring  at  Manilla,  which  raises  the  thermo- 
meter to  187^,  and  in  another  in  Barbary,  whose  usual  tempera- 
ture is  172^,  fishes  haye  been  seen  to  flourish.  Fishes  haye  been 
thrown  up  in  yery  hot  water  from  the  crater  of  a  yolcano,  which, 
from  their  liyely  condition,  was  apparently  their  natural  resi- 
dence. Small  caterpillars  haye  been  found  in  hot  springs  of  the 
temperature  of  205®  ;  and  smaU  black  beetles,  which  died  when 
placed  in  cold  water,  in  the  hot  sulphur  baths  of  Albano.  In- 
testinal worms  within  the  body  of  a  carp  haye  been  seen  aliye 
after  the  boiling  of  the  fish  for  eating ;  and  the  inhabitants  of 
some  little  snail-shells,  which  seemed  to  haye  been  dried  up 
within  them,  haye  been  caused  to  reyiye  by  placing  the  shells  in 
hot  water  for  the  purpose  of  cleaning  them. 

The  lofty  heights  of  the  atmosphere,  and  the  dark  and  rayless 
depths  of  the  ocean,  are  tenanted  by  animals  of  beautifal  organi- 
sation and  wonderful  powers.  Vast  flights  of  butterflies,  the 
emblems  of  summer  and  sunshine,  may  sometimes  be  seen  above 
tiie  highest  peaks  of  the  Alps,  almost  touching  with  their  fragile 
wings  the  hard  surface  of  the  neyer-melting  snow.  The  gigantic 
condor  or  yulture  of  the  Andes  has  been  seen  to  soar  on  its 
widely-expanded  wings  far  above  the  highest  peak  of  Chimbo- 
razo,  where  the  barometer  would  have  sunk  below  ten  inches. 
The  existence  of  marine  fishes  has  been  ascertained  at  a  depth  of 
from  500  to  600  fathoms;  and  in  the  Artesian. well  lately  sunk 
in  Paris  to  a  depth  of  about  1800  feet,  the  water  has  recently 
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brought  up  a  number  of  small  black  fishes,  which,  being  without 
eyes,  seem  to  have  been  produced  in  the  depths  from  which  it 
springs. 

The  object  of  the  preceding  remarks  has  been,  in  the  first 
phtce,  to  show  the  importance  of  the  study  of  Physiology,  as 
leading  to  the  knowledge  of  those  laws,  by  attention  to  which 
the  health  of  the  body  and  mind  of  man  may  be  most  effectually 
preserved ;  and,  in  the  second^  to  show  the  extent  of  the  field 
which  lies  open  for  cultivation*  Their  application  will  be  made 
more  apparent  in  subsequent  pages.  But  as  the  Author's  object 
is  not  merely  to  communicate  the  results  of  his  own  inquiries  in 
the  science,  but  also  to  stimulate  his  readers  to  observe  for 
themselves,  and  thus  to  add  to  its  stores,  he  would  add  a  few 
remarks  on  the  pleasure  and  advantage  which  the  intelligent 
mind  may  derive,  firam  even  a  moderate  degree  of  attention,  as 
opportunity  serves,  to  the  same  pursifi^.  Every  one  can  do 
something  towards  adding  to  the  common  stock  of  information, 
respecting  the  structure  and  habits  of  the  vast  number  of  living 
beings  that  people  our  globe.  The  immense  variety  of  the 
objects  which  come  under  the  investigation  of  the  Physiologist, 
so  far  from  discouraging  the  beginneiv  should  have  the  eflbot  of 
stimulating  his  exertions.  Of  by  far  the  larger  part  of  the 
organised  creation,  little  is  certainly  known.  Of  no  single 
species,— ^f  none  of  our  commonest  native  animals^ — not  even 
of  Man  himself, — can  our  knowledge  be  regarded  as  anything 
but  imperfect.  Of  the  meanest  and  commonest  tribes,  we  know 
perhaps  even  less  than  we  do  of  the  more  elevated  and  complex ; 
and  it  cannot  be  doubted  that  phenomena  of  the  most  surprising 
nature  yet  remain  to  be  discovered  by  patient  observation  of 
their  actions.  It  was  not  until  very  recently,  that  the  existence 
of  a  most  extraordinary  Series  of  metamorphoses,  more  wonder- 
ful than  those  of  the  Insect,  has  been  discovered  in  the  Jelly-fidft 
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ti  onr  seas,  the  fiarnacles  that  attiidi  themsehes  to  floating  pieces 
of  timber,  and  the  Crabs,  Lobsters,  and  Shrimps  of  our  shores. 
The  Tery  best  accom&ts  we  have,  of  the  stmetnre, '  habits,  and 
economy  of  the  lower  tribes  of  animals,  have  been  fnmished  to 
ns  by  individnals,  who  did  not  think  it  beneath  them  to  devote 
many  years  to  the  study  of  a  single  ^ecies;  and  as  there  are 
Texy  few  which  have  been  thus  fully  investigated,  there  is  ample 
opportunity  for  every  one  to  suit  his  own  taste  in  the  choice  of 
an  object. 

And  none  but  those  who  have  tried  the  experiment,  can  form 
an  estimate  of  the  pleasure  which  the  study  of  nature  is  capable 
of  affording  to  its  votaries.  There  is  a  simple  pleasure  in  the 
acquisition  of  knowledge,  worth  to  many  far  more  than  the 
acquisition  of  wealth.  There  is  a  pleasure  in  looking  in  upon  its 
growing  stores,  and  watching  the  expansion  of  the  mind  which 
embraces  it,  far  above  that  which  the  miser  feels  in  the  grovelling 
contemplation  of  his  hard- sought  pelf.  There  is  a  pleasure  in 
making  it  useful  to  others,  comparable  at  least  to  that  which 
the  man  of  generous  benevolence  feels  in.  ministering  to  their 
relief  with  his  purse  or  his  sympathy.  There  is  a  pleasure  in 
the  contemplation  of  beauty  and  harmony  wherever  presented 
to  ns ;  and  is  not  this  pleasure  increased,  when  we  are  made 
aware, — as  in  the  study  of  Nature  we  soon  become, — that  the 
sources  of  them  are  never-ending,  and  that  oxa  enjoyment  of 
them  becomes  more  intense  in  proportion  to  the  comprehensive- 
ness of  our  knowledge  ?  And  does  not  the  feeling  that  we  are 
not  looking  upon  the  arts  or  inventions  of  a  skilful  human 
artificer,  but  studying  the  wonders  of  a  Creative  design  infinitely 
more  skilful,  immeasurably  heighten  all  these  sources  of  grati* 
fication?  If  it  is  not  every  one  who  can  feel  all  these  motives^ 
cannot  every  one  feel  the  force  of  scyme  ? 

But  it  is  not  only  in  affording  us  such  interesting  objects  of 
regular  study,  that  the  bounty  of  Nature  is  exhibited.    Perhaps 


14  INTRODUCTION. 

it  ia  even  more  keenly  felt  hj  the  mind  which,  harassed  hy  the 
cares  of  the  world,  or  vexed  by  its  disappointments,  or  fatigned 
by  severer  studies,  seeks  refuge  in  her  calm  retirement,  and 
allows  her  sober  gladness  to  exert  its  cheering  and  tranquillizing 
influence  on  the  spirit. 

^*  With  tender  ministntionSi  tboa,  O  Nrnture, 
Healest  thy  wandering  and  dutncted  child ; 
Thou  pourest  on  him  thy  Boft  influenoet, 
Thy  sannj  hues,  fair  formi,  and  breathing  swecta, 
The  melody  of  woods,  and  winds,  and  waters, — 
Till  he  relent,  and  can  no  more  endure 
To  be  a  jarring  and  a  disaonant  thing 
Amidst  the  general  voice  and  minstrelsy,— 
But  bursting  into  tears  wins  back  his  way, 
His  angry  spirit  healed  and  harmonized 
By  the  benignant  touch  of  love  and  mercy .^ 

CoLBRIOGE. 


CHAPTER  I. 

ON  THE  VITAL   OPERATIONS  OF  ANIMALS,  AND  THE  INSTRU- 
MENTS BY  WHICH  THEY  ARE  PERFORMED. 

1.  Tbe  general  characters  of  living  beings,  and  their  chief 
distinction  from  inert  matter,  have  been  elsewhere  explained 
(See  Vegetable  Physiology,  Chap,  i.) ;  and  it  will  not  be 
requisite,  therefore,  to  do  more  than  recapitulate  them  here. — 
Living  beings,  whether  Plants  or  Animals,  are  distinguished 
from  the  inert  matter  which  b  commonly  said  to  form  the 
Mineral  kingdom,  by  their  peculiarities  of  Hmdure  and  of 
action.  In  a  living  being,  no  matter  how  simple  its  conforma- 
tion, we  find  two  or  more  distinct  parts  or  or^am,  adapted  for 
different  purposes ;  thus,  in  the  simple  cell  which  constitutes  the 
entire  plant  of  Red  Snow,  or  the  Yeast  Fungus  (Veg.  Pliys. 
f§.  48  and  55),  we  have  a  containing  membrane  which  absorbs 
liquids  and  gases  firom  the  surrounding  elements, — a  contained 
fluid  of  peculiar  characters,  formed  out  of  these  materials, — and 
a  number  of  minute  granules  which  are  to  become  the  germs  of 
new  cells.  On  the  other  hand,  in  mineral  matter,  the  same 
structure  and  the  same  properties  may  prevail  through  a  mass 
of  any  size.  Hence  the  structure  of  living  beings  is  said  to  be 
crganised;  whilst  that  of  inert  mineral  matter  is  said  to  be  un^ 
aryanised  or  inorganic. 

2.  Again,  liring  beings  are  distinguished  by  their  actions. 
Continual  change  seems  an  essential  part  of  their  character;  and 
the  alterations  they  undergo  are  not  the  result  of  accidental  cir- 
enmstanoes,  but  the  consequence  of  their  own  peculiar  proper- 
ties, and  take  place  with  great  regularity.  Thus  if  the  life  of 
one  of  the  simple  plants  just  mentioned,  be  attentively  watched, 
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a  set  of  actions  will  be  observed,  wbich  may  be  enumerated 
briefly  ^as  follows.  The  germ  consists  of  a  minute  granule,  in 
which  no  distinction  of  parts  can  be  observed ;  but  this,  by  im- 
bibing water  and  other  materials,  soon  enlarges ;  and  a  distinc- 
tion between  the  containing  and  contained  parts,  the  cell-wall 
and  the  cavity  of  the  cell,  is  speedily  observed.  The  enlarge- 
ment continues,  until  the  full  size  of  the  individual  is  arrived  at ; 
and  the  fluid  the  cell  contains  is  then  observed  to  have  a  number 
of  minute  granules  diffused  through  it,  which  resemble  the  ori- 
ginal germ.  These  granules  are  at  last  set  free  by  the  bursting 
of  the  parent  cell,  which  now  ceases  to  exist,  or  dies ;  and  its 
progeny  commence  life  for  themselves,  and  go  through  the  same 
series  of  actions  as  those  performed  by  the^  parent.  These 
actions  are  termed  functiom  ;  and  their  number  and  variety  cor-^ 
respond  with  the  number  of  different  organs  existing  in  the 
structure.  Thus  in  the  simple  beings  just  adverted  to,*  we  caa 
only  distinguish  two  sets  of  operations, — those  by  which  the 
growth  of  the  parent  cell  was  effected,  and  those  by  which  the 
germs  of  a  new  generation  were  produced  and  set  free.  The 
former  are  termed  functions  of  nuiritum  ;  and  the  latter,  func- 
tions of  reprodnetion. 

3.  But  it  has  been  shown  that,  in  the  higher  Plants,  a  large 
number  of  distinct  parts  or  organs  may  be  observed, — such  as 
the  root,  stem,  leaves,  &c. ;  and  that  these  parts  have  distinct 
uses  in  the  economy  of  the  plant.  Thus  the  roots,  besides  fizing^ 
the  plant  in  its  position,  absorb  or  suck  up  liquid  from  the  soil 
around ;  and  this  liquid  usually  contains,  dissolved  in  it,  some  of 
the  solid  particles  which  the  plant  requires  as  the  materials  of 
its  growth.  The  stem  has  for  its  office  to  convey  this  liquid 
upwards  to  the  leaves  and  flowers,  where  it  may  be  exposed  to 
the  air  and  light.  One  important  function  of  the  leaves  is  to 
get  rid  of  a  large  quantity  of  this  superfluous  fluid,  by  the  pro- 
cess termed  exhalation ;  whilst  these  organs  have  also  the  power 
of  absorbing  additional  fluid,  if  needed  by  the  plant.  Another 
function  of  the  leaves,  is  that  of  taking  in  an  additional  most 
important  element,  carbon,  from  the  air,  by  decomposing  the 
carbonic  acid  it  contains ;  and  this  being  combined  in  the  interior 
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of  their  oelb  with  part  of  the  water  taken  in  hy  the  roots,  forms 
the  matcriala  by  whioh  the  tissues  of  the  plant  are  nourished,  and 
their  growth  provided  for,  and  whence  their  peculiar  products 
are  supplied.  Yet  eveu  these  most  important  functions  are  per- 
formed, in  the  highest  pLuat,  as  in  the  lowest,  by  simple  eelU  / 
for  the  leaf  is  but  an  assemblage  of  such  cells,  with  a  framework 
or  skeleton  of  harder  tissue ;  and  the  action  of  each  cell  is  the 
same  as  that  performed  by  the  rest.  Moreover,  when  certain 
products, — such  as  oil,  resin,  starch,  dc^ — are  separated  firom 
the  juicee  that  have  been  elaborated  by  the  cells  of  the  leaves, 
and  are  stored  up  in  particular  receptacles,  these  receptacles  are 
themselves  eellf^  the  walls*of  which  have  the  peculiar  property 
of  selecting  from  the  juices  the  materials  they  are  destined  to 
contain. 

4.  Now  all  these  actions  in  the  Plant  are  classed  under  the 
head  of  functions  of  otyanie  life,  being  entirely  concerned  with 
the  nutrition  of  the  individual.  But  we  have  in  Animals  another 
series  of  actions,  by  which  that  individual  is  connected  in  a 
peculiar  manner. with  the  world  around.  All  animals  possess, 
in  however  slight  a  degree,  a  catudoiunea  of  what  is  going 
on  around  them ; — that  is,  they  are  sensible  to  the  impressions  of 
external  objects.  And  they  all  possess,  though  often  to  an  almost 
imperceptible  amount,  the  power  of  acting  on  objects  around 
them,  by  sp<mtaneous  mottoti^  These  two  functions,-^sensibility 
and  the  power  of  spontaneous  motion, — ^being  peculiar  to  animals, 
are  called  the  functions  of  aninuU  life ;  and  they  are  sometimes 
called  functions  of  relatiouy  from  the  peculiar  connection  they 
establish  between  the  individual  and  the  world  around. 

5.  The  difference  between  an  Animal  and  a  Plant  essentially 
consists  in  the  presence  or  absence  of  these  powers.  Every 
being  which  b  conscious,  in  however  slight  a  degree,  of  its  own 
condition,  and  of  the  circumstances  affecting  it,  must  be  regarded 
as  an  animal ;  and  thero  is  reason  to  believe,  that  no  being  pos- 
sesses such  a  property,  which  does  not  also  possess  some  power 
of  adapting  itself  to  these  circumstances  by  a  movement  of  its 
body,  so  as  to  render  its  condition  more  desirable.  But  it  is 
often  difficult  to  distinguish  between  a  spontaneous  movement 
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of  this  kind,  and  those  motions  which  are  performed  by  many 
plants,  without  any  consciousness  or  design ;  and  consequently 
it  is  not  easy  to  draw  the  line  precisely  between  the  Animal  and 
Vegetable  kingdoms.  There  can  be  no  doubt,  however,  that 
such  a  boundary  really  exists;  although  we  may  not  every- 
where be  able  to  trace  it.  We  shall  find  that  many  animals, 
though  obviously  possessing  the  faculty  of  giving  motion  to  the 
individual  parts  of  their  bodies,  are  yet  incapable  of  moving 
from  place  to  place,  being  fixed  to  one  spot  during  all  but  the 
earliest  period  of  their  lives ;  and  descending  still  lower,  we 
come  to  beings  which  are  not  only  thus  rooted,  like  plants,  to 
the  same  situation,  but  which  have  f  o  little  power  of  moving 
any  part  of  their  mass,  and  seem  to  be  so  destitute  of  sensibility, 
that  it  is  di£Gicult  to  imagine  them  to  possess  any  distinct  con- 
sciousness. This  is  the  case,  for  example,  with  the  Sponge* 
And  yet  there  is  such  a  resemblance  in  the  structure  of  the 
sponge,  to  that  of  other  beings  whose  animal  character  is  un- 
doubted, that  it  is  equally  difficult  to  remove  it  from  the  animal 
kingdom ;  and  it  is  probable  that  this  creature,  low  as  it  evidently 
is  in  the  scale  of  being,  may  be  endowed  with  just  so  much 
sensibility  as  may  be  sufficient  to  give  it  a  pleasing  consciousness 
of  existence,  whilst  it  may  be  incapable  of  receiving  painful 
sensations.  Its  selection  of  food  appears  to  be  no  more  go- 
verned by  its  willy  than  the  same  process  in  vegetables ;  but  it 
may  possess,  when  satisfied,  the  same  general  sense  of  comfort, 
as  that  which  we  enjoy  after  a  sufficient  meal  of  wholesome  food. 
6.  But,  it  may  be  asked,  is  there  nothing  in  the  strtidure  of 
animals,  which  distinguishes  them  from  plants  ?  And  to  this 
it  may  be  replied,  that  in  the  higher  animals,  not  only  the  prin- 
cipal organs,  but  the  greater  part  of  their  elementary  parts  or 
tissues,  are  formed  upon  a  plan  so  entirely  different  from  that 
which  prevails  in  plants,  that  there  would  be  no  danger  of  mis- 
taking the  one  for  the  other.  All  the  arrangements  of  the 
organism  or  corporeal  edifice  of  the  higher  animals,  are  made,  as 
we  shall  presently  find,  for  the  purpose  of  enabling  them  to 
perform,  in  the  most  advantageous  manner  possible,  those  peculiar 
functions  with  which   they  have  been   endowed^-^to  receive 


BISTIKCnVE  PECULIARITIES  OF   ANIMALS.  19 

sensations, — ^to  feel,  think,  and  vrill, — and  to  move  in  accordance 
with  the  directions  of  the  instinct  or  the  judgment.  For  these 
purposes  we  find  a^ peculiar  apparatus,  termed  the  nervous  sys- 
tem, adapted;  this  apparatus  consists  of  a  vast  number  of  fibres, 
spread  out  over  the  surface  of  the  body,  and  especially  collected 
in  certain  parts  called  organ»  of  seme  (such  as  the  eye,  nose,  ear, 
tongae,  lips,  and  points  of  the  fingers).  These  have  the  peculiar 
property  of  receiving  impressions  which  are  made  upon  their  extre- 
mities, and  of  conveying  them  to  the  central  masses  of  nervous 
matter,  (known  in  the  higher  animals  as  the  brain  and  spinal 
marrow,)  where  they  are  communicated  to  the  mind. 

7.  From  these  centres,  other  cords  proceed  to  the  various 
muscles^  by  which  the  body  \b  moved.  These  muscles,  com- 
monly known  as  the  flesh,  are  composed  of  a  tissue  which  has 
the  power  of  contracting  suddenly  and  forcibly,  when  peculiar 
Hxtntdi  are  applied  to  it.  In  this  respect,  it  bears  a  resemblance 
to  the  contractile  tissues,  by  which  the  movements  of  plants  are 
produced  (Veget.  Phys.  §.  420) ;  but  it  diflfers  from  them  in 
being  thrown  into  action,  not  only  by  stimuli  that  are  applied 
directly  to  itself^  but  by  the  action  conveyed  through  the  nervous 
system.  Thus,  in  an  animal  recently  dead,  we  may  excite  any 
muscles  to  contraction,  by  sending  a  current  of  electricity  through 
the  nerves  suppl3nng  them  i  and  in  a  living  animal  we  may  do 
the  same  by  simply  touching  those  nerves.  But  the  stimulus 
which  these  nerves  ordinarily  convey,  originates  in  an  act  of  the 
jntnJ,  which  is  connected  in  some  mysterious  and  inscrutabld- 
manner  vnth  the  central  masses  of  the  nervous  system.  Tims,  we- 
deiire  to  perform  a  certain  movement  or  set  of  movements;  this 
desire  leads  to  an  act  of  vnll;  and  the  will  causes  a  certain  stimulus, 
or  motor  impulse,  to  issue  from  the  brain,  and  travel  along  the 
nerves,  so  as  to  produce  the  desired  motion  by  exciting  contractions 
in  the  muscles  that  perform  it.  Or,  again,  a  certain  sensation  pro- 
daoes  an  emotion,  which  prompts  a  certain  muscular  movement, 
and  may  even  cause  it  to  take  place  against  the  will, — as  when 
8  strong  sense  of  the  ludicrous  produces  laughter,  in  spite  of  our 
strong  desire  (owing  to  the  unfitness  of  the  time  and  place)  to 
restrain  it.    The  emotion  also  produces  a  change  in  the  nervous 
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centres,  which  causes  a  motor  impulse  to  travel  along  the  neryes^ 
and  thus  calls  the  muscles  into  contraction ;  and  it  seems  to  be 
in  the  same  manner,  that  those  in$tinctive  actions  are  produced, 
which,  although  few  in  adult  man  when  compared  with  those 
resulting  from  his  will,  predominate  in  his  infant  state,  and 
through  the  whole  life  of  the  lower  animals  (Chap.  xiv.).  We 
shall  also  find  that  the  nervous  and  muscular  systems  of  animals 
are  concerned  in  a  class  of  actions  with  which  the  mind  has  no 
necessary  connexion ;  these  actions,  such  as  those  of  swallowing 
(§.  195)  and  breathing  (§.  df  0),  having  for  their  object  to  assist 
in  the  performance  of  the  organic  functions,  and  to  protect  the 
body  from  danger. 

8.  In  the  higher  Animals,  then,  the  presence  of  this  nervous 
and  muscular  apparatus  is  an  essential  and  obvious  distinction 
between  their  structure  and  that  of  plants ;  and  we  find  that  it 
-constitutes  a  large  part  of  the  bulk  of  the  l)ody.  Thus  the 
whole  interior  of  the  skull  of  man  is  occupied  by  his  brain ;  his 
limbs  are  composed  of  the  muscles,  and  of  the  bones  which 
support  them,  and  to  which  they  give  motion ;  and  it  is  only 
in  the  interior  of  his  trunk,  that  we  find  organs  correspond* 
ing  with  those  which  form  the  whole  structure  of  the  Plant* 
These  organs  of  nutrition  have  for  their  main  purpose,  to  supply 
the  wants  of  the  organs  of  animal  life ;  every  exercise  of  which, 
is  accompanied  by  a  certain  decay  or  wear  of  their  structure,  and 
which  consequently  require  to  be  continually  nourished  and 
repaired,  by  the  materials  provided  by  what  may  be  termed  the 
vegetative  organs  (§.  5.3).  But  in  the  lower  tribes  of  animals^ 
we  do  not  find  the  animal  functions  to  possess  this  predomin- 
ance. In  fact,  among  the  many,  which  are  fixed  to  one  spot 
during  nearly  their  whole  lives,  and  which  grow  and  extend 
themselves  like  plants,  the  movements  of  the  body  are  but  few 
in  number,  and  trifling  as  to  their  variety ;  these  movements  are 
only  destined  to  assist  in  the  performance  of  the  organic  func-* 
tions,  as  by  bringing  food  to  the  mouth,  and  water  to  the 
respiratory  organs ;  and  the  nervous  and  muscular  apparatus  by 
which  they  are  effected,  bears  so  small  a  proportion  to  the  organs 
of  nutrition,  as  to  seem  like  a  mere  appendage  to  them,  and  is 
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sometimes  aliogetber  undiscoverable.  This  is  the  case,  for 
example,  in  the  lowest  kinds  of  shell-fisb,  such  as  the  oyster ; 
and  in  the  coral-animals. 

9.  Hence  we  perceive,  as  we  descend  the  animal  scale,  a  nearer 
and  nearer  approach  to  the  character  of  plants ;  and  this  we  shall 
find  to  be  the  case,  not  only  in  the  general  arrangement  of  the 
organs,  but  also  in  the  nature  of  the  elementary  tissues  of  which 
they  are  composed.  For  in  the  higher  animals,  the  whole 
organism  is  constructed  in  such  a  manner,  as  to  admit  a  free 
motion  in  its  individual  parts.  The  different  portions  of  the 
fllreleton  or  hard  framework  are  attached  to  each  other  by  flexible 
ligaments,  which  are  adapted  to  resist  a  very  powerful  strain ; 
the  muscles  are  attached  to  these  by  fibrous  cords  or  tendons, 
which,  also,  can  support  a  vast  weight;  and  the  several  muscles, 
and  other  parts,  which  need  to  be  connected,  but  also  require  a 
certain  power  of  gliding  over  one  another,  are  bound  together  by 
a  very  elastic  loosely-arranged  tissue,  consisting  of  fibres  cross* 
ing  and  interlacing  in  every  direction,  the  interstices  between 
which  are  filled  with  fluid.  Now  to  these  Jibrous  tissues,  there 
is  nothing  analogous  in  plants,  because  no  freedom  of  motion  is 
required,  or  even  permitted,  among  their  parts.  And  we  find 
them  bearing  a  less  and  less  proportion  to  the  whole,  as  we 
descend  the  animal  scale.  On  the  other  hand,  we  find  the 
Tarions  forms  of  true  cellular  tissue,  such  as  predominate  in 
plants  (Yeget.  Phts.  Chap,  iii.),  becoming  more  and  more 
abundant,  as  we  pass  from  the  highest  to  the  lowest,  and  having 
more  and  more  important  duties  to  fulfil.  But  even  in  the 
highest  Animals,  as  will  hereafter  appear,  they  are  the  essential 
instruments  of  the  most  important  among  the  organic  functions, 
just  as  they  are  in  Plants. 

10.  It  is  evident,  from  what  has  been  already  remarked  as 
to  the  peculiar  life  to  which  animals  are  destined,  that  the  mode 
in  which  they  obtain  their  nourishment  must  be  very  difierent 
from  that  which  prevails  in  the  vegetable  kingdom.  Plants 
extend  their  roots  through  the  soil  in  search  of  fluid,  and  spread 
ont  their  leaves  to  the  air  for  the  purpose  of  obtaining  its  carbon ; 
but  the  animal  could  not  so  exist,  and  be  at  the  same  time 
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endowed  with  the  power  of  moving  from  place  to  place.  Hence 
he  requires  some  other  plan  of  obtaining  his  food ;  and  this  is 
provided  for,  in  the  peculiar  character  of  the  food  itself,  and  in 
the  apparatus  bj  which  it  is  taken  into  his  system.  We  have 
seen  (Yeoet.  Phys.  Chap,  yi.)  that  Plants  will  live  and  thriTe, 
when  supplied  with  the  requisite  amount  of  the  four  elements, 
oxygen,  hydrogen,  carbon,  and  nitrogen,  united  in  the  simple 
forms  of  water,  carbonic  acid,  and  ammonia, — ^together  with 
certain  mineral  ingredients ;  and  that  hence  they  can  grow  at 
the  expense  of  the  elements  around,  where  no  living  being  ever 
existed  previously.  But  this  is  not  the  case  with  animals- 
They  can  only  exist  upon  substances,  which  have  been  already 
combined,  either  by  plants  or  by  other  animals,  into  certain 
peculiar  compounds;  and  thus  the  whole  animal  kingdom  is 
directly  or  indirectly  dependent  upon  the  vegetable  kingdom  for 
its  support;  and  no  animal  can  exist  where  a  plant  has  not 
preceded  it. 

11.  Now,  these  substances  usually  exist  in  a  solid  form ;  and 
since  the  animal,  as  well  as  the  plant,  is  incapable  of  absorbing 
nutriment  into  its  body  in  any  but  the  fluid  form,  there  is  need 
of  a  preparatory  process  by  which  this  conversion  may  be  effected. 
For  this  purpose,  animals  are  provided  with  an  internal  cavity, 
or  tUmiach^  in  which  this  conversion  is  performed.  This  stomach 
is  nothing  else  than  a  bag  formed  by  the  prolongation  of  the 
external  covering  of  the  body  into  its  interior.  The  cavity  serves 
to  hold  the  food  which  is  introduced  into  it  by  the  mouth  ;  its 
walb  pour  out  or  secrete  a  fluid,  which  acts  upon  the  food  in  such 
a  manner  as  to  dissolve  it ;  and  through  its  walls  are  absorbed 
those  portions  of  the  food,  which  are  capable  of  being  applied  to 
the  nutrition  of  the  system,  while  the  remainder  is  cast  forth 
again  by  the  aperture  of  the  bag.  Hence  the  lining  membrane 
of  this  simple  stomach  performs  the  same  function  as  the  general 
surface  of  the  sea  weeds,  every  part  of  which  is  endowed  with 
the  power  of  absorbing  fluid  from  the  surrounding  elements 
(Yeget.  Phys.  §.  102).  And  as  in  the  higher  plants,  we  find 
that  the  function  of  absorption  is  specially  committed  to  a  set  of 
root-fibres  prolonged  from  the  general  surface  into  the  soil,  so  do 
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we  find  that  in  the  higher  aaimak  it  is  perfonned  by  a  set  of 
Tessels  spread  out  npon  the  sides  of  the  digestiTe  cayity  or 
stomach,  which  take  up  the  nutritious  fluid,  and  carry  it  to 
distant  parts  of  the  body. 

12.  Thus  it  is  seen  that  the  possession  of  a  stomach  is  neces- 
sarily connected  with  the  peculiar  mode  in  which  Animals  are 
destined  to  live,  and  the  food  on  which  they  are  to  be  sup- 
ported. By  it  they  are  enabled  to  carry  about  with  them 
supplies  of  food,  which  cannot  in  general  be  obtained  constantly, 
but  are  only  to  be  secured  occasionally ;  and  this  food  they  can 
reduce  in  it  to  the  fluid  form,  and  thus  prepare  it  for  being 
absorbed.  It  is  obvious  that,  until  it  is  so  absorbed,  it  is  no 
more  within  the  body  of  an  animal — though  contained  in  its 
stomach — than  is  the  fluid  in  the  soil  which  surrounds  the  roots 
of  plants. 

13.  Now,  this  digestive  cavity,  or  stomach,  with  the  organs 
by  which  the  food  is  introduced  into  it,  constitute  the  whole 
structure  of  the  simplest  animals.  There  seems  reason  to  belieye, 
that  many  of  the  lower  class  of  animalcules  (§.  136),  are  little 
else  than  single  celU^  differing  from  those  of  the  red-snow  or 
yeast  plant  chiefly  in  this,^ — that  there  is  an  aperture  or  mouth 
by  which  nourishment  is  introduced  into  their  cavity,  so  that 
they  do  not  absorb  by  their  external  surface  only,  but  also  by 
their  internal, — and  that  they  are  furnished  with  ctVia,  or  little 
hair-like  filaments,  by  the  vibration  of  which,  they  are  moved 
actively  from  place  to  place,  and  their  food  conveyed  into  their 
montlis.  And  it  is  quite  certain  that  animals  much  more  highly 
OTganised,  are  composed  of  little  else  than  an  assemblage  of  such 
cells,  so  arranged  as  to  form  a  membranous  bag,  with  a  mouth, 
and  a  circle  of  arms  or  tentacula  around  it,  serving  to  lay  hold  of 
and  draw  in  its  food. 

14.  This  is  the  case,  for  example,  with  the  Hydra^  or  fresh- 
water  polype,  a  little  animal  which  is  very  abundant  in  many  of 
our  ponds,  and  the  study  of  which  has  been  a  most  fertile  source 
of  interest  to  the  microscopic  observer.  It  commonly  attaches 
itself  to  a  stick,  straw,  or  other  floating  substance,  by  means 
of  a  kind  of  sucker  at  its  lower  extremity ;  and  stretches  out 
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its  snns  in  learch  of  its  food,  whioli  conuata  of  miDute  sqtiatic 
worms  and  insects.  These  are  securely  laid  hold  of  hy  one  or 
mon  of  the  arms,  tuid  are  drawn 
into  the  mouth,  a,  wliich  leads 
to  the  stomach  or  general  cavity 
of  tlie^body,  in  which  they  are 
digested,  and  from  the  walls  of 
which  tlie  nutritions  portions  are 
absorbed.  A  kind  of  circulation, 
or  flow  of  nutritious  fluid  through 
channels,  appears  to  take  place 
even  in  tliis  simple  animal,  for  the 
conveyance  of  nourishment  to  the 
arms.  The  portions  of  the  food 
which  are  not  capable  of  being 
digested,  are  cast  out  through  the 
'  mouth ;   but   in  the   higher  po- 

F,o.L-a™A.o^P«»«.wAT«  ,ypgg_  ^g  in  ^i  the  more  com- 
plex animals,  a  second  apertare 
is  provided  for  this  purpose, — Now,  that  the  lining  mem- 
brane of  the  stomach  is  nothing  else  than  an  inward  prolon- 
gation of  that  which  covers  its  surface,  is  evident  from  «  very 
curious  experiment  which  has  been  many  times  performed  upon 
this  little  animal,  with  tlte  same  result.  It  may  actually  he 
turned  intide-out,  as  we  should  turn  a  glove  or  a  stocking;  so 
that  the  lining  of  the  stomach  shall  become  the  external  cover- 
ing, and  the  external  memhr»ne  the  lining  of  the  stomach  ;  and 
yet  the  functions  of  tlie  animal  seem  to  go  on  as  if  they  had  not 
been  in  tho  least  disturbed. 

15.  All  the  chief  functions  which  have  been  described  S9 
taking  place  in  plants,  are  performed  by  animals  also,  besides 
those  which  are  peculiar  to  the  latter.  Tlius,  tho  nutriment  which 
has  been  ahiorled  in  the  state  which  may  be  called  the  raw  mate- 
rial., has  to  be  converted  into  a  substance  fit  for  the  nourishment 
of  tlie  rissues,  and  capable  of  being  appropriated  by  them ;  this 
process,  resembling  the  "elaboration  of  the  sap"  in  plants,  is 
tenned  ammilatlon  (or  rendering-like).     This  asumilated  fiuid 
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has  to  be  eonveyed  into  every  part  of  the  body,  so  as  to  afford 
it  the  supply  Trbich  it  needs  for  its  maintenance  and  growth  ; 
and  the  process  by  which'  it  is  so  conveyed  is  termed  the  drei^ 
laium.    By  tbe  same  means,  the  waste  or  dead  matter  which  is 
being  continually  set  free  in  the  action  of  the  several  organs, 
particularly  of  the  nerves  and  muscles,  is  conveyed  away.     In 
order  to  get  rid  of  this  waste,  part  of  it  is  united  with  oxygen^ 
and  is  thrown  off  by  the  process  of  reipiratum  or  breathing,  in 
the  form  of  carbonic  acid  and  water ;  whilst  part  is  got  rid  of  in 
other  ways,  by  the  various  processes  of  eacretion^  which  separate 
tiie  injurioos  substances  from  the  blood,  and  pour  them,  in  a 
fluid  form,  into  channels  by  which  they  are  conveyed  out  of  the 
body.     The  process  of  respiration  serves  also  to  introduce  a  sup- 
ply of  oxygen,  which  is  needed  for  various  purposes  in  the 
economy ;  and  it  is  connected  with  the  maintenance  of  the  animal 
temperature.    Moreover,  the  blood  is  conveyed  by  the  circulation 
to  various  organs,  by  which  certain  fluids  are  separated,  that  have 
particular  uses  in  the  economy,':~such  as  the  tears,  the  saliva, 
the  poison  of  serpents  and  insects,  the  odours  of  many  mammalia, 
&c. ;  these  teoretionSy  as  they  arc  termed,  do  not  seem  to  carry 
off  from  tbe  blood  anything  injurious  to  it,  but  are  destined  for 
other  purposes.     Lastly,  the  animal,  like  the  plant,  is  endowed 
'With  the  power'of  reproduction  ;  and  we  shall  hereafter  find  that 
this  process  is  conducted,  in  all  animals,  on  a  plan  closely  resem- 
Uing,  in  all  its  essential  particulars,  that  which  prevails  in  the 
phanerogamic  plants. 

16.  Tbe  tissues  of  animals  are  composed  of  a  substance,  which, 
in  reference  to  its  chemical  properties,  is  nearly  the  same  in  all. 
It  has  been  mentioned,  that  although  most  plants  require  the 
element  nitrogen  or  azote  as  one  of  the  materials  of  their  growth, 
this  element  does  not  enter  so  much  into  the  composition  of  their 
own  tissue,  as  it  does  into  that  of  certain  products  which  they 
fonn  for  the  use  of  animals  (Yeget.  Phys.  §.195).  Indeed, 
the  organised  tissues  of  plants,  if  completely  separated  from  the 
snhstances  they  contain,  are  found  to  consist  of  oxygen,  hydro- 
gen, and  carbon,  only;  these  being  united  in  the  same  proportions 
«8  the  elements  of  starch.    But  aJl  the  tissues  of  animals,  if  sepa- 
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rubbing  it  in  a  mortar  with  a  caustic  alkali,  potass  or  soda. — 
We  maj  always  distinguish  albumen,  then,  by  its  peculiar  pro- 
perty of  coagulating  on  the  application  of  heat,  or  on  being 
treated  with  certain  acids. 

18.  Now  it  does  not  appear  that  albumen  can  be  made  use 
of  as  the  material  for  the  production  of  tissue,  until  it  has  under- 
gone a  further  process,  by  which  its  properties  are  greatly  altered, 
tliongh  the  proportions  of  its  elements  remain  the  same  or  nearly 
so.  This  alteration  is  manifested  in  its  tendency  to  tponianeotu 
coagulation,  when  withdrawn  from  the  living  body ;  and  in  the 
traces  of  organisation  which  are  presented  in  the  coagulum  or 
clot.  We  do  not  meet  with  this  converted  albumen,  ovjihrin^  in 
the  first  products  of  digestion  ;  but  it  is  gradually  formed  at  the 
expense  of  the  albumen  which  these  supply ;  and  as  it  is  con- 
tinnally  withdrawn  by  the  action  of  nutrition^  it  is  re-formed 
with  equal  constancy  by  the  act  of  assimilation.  We  meet  with 
it  in  the  greatest  abundance  in  the  blood;  and  it  is  that  portion 
of  it  which  causes  the  coagulation  or  clotting  of  the  fluid,  soon 
Salter  it  is  withdrawn  from  the  vessels.  In  the  circulating  fluid, 
the  fibrin  is  completely  dissolved, — as  completely  as  the  albumen 
in  the  white  of  egg ;  but  no  sooner  is  the  fluid  at  rest,  and  with- 
drawn firom  the  contact  of  a  living  surface,  than  it  passes  into  its 
insoluble  form.  The  coagulum  thus  produced,  however,  is  far 
from  being  as  simple  as  that  which  is  formed  of  albumen ;  for  it 
has  an  evidently  fibrous  texture ;  and,  when  examined  under 
favourable  circumstances,  a  distinct  network  of  fibres,  crossing 
each  other  in  every  direction,  can  be  seeri  in  it.  Hence  we  may 
consider  this  substance  as  intermediate  between  albumen  and 
solid  tissue;  and  the  name  ^^ chair  coulante,"  or  liquid  flesh, 
which  has  been  proposed  for  it  by  some  French  physiologists,  very 
happily  expresses  its  peculiar  properties.  The  act  of  nutrition 
seems  to  consist  in  the  conversion  of  this  material  into  new  cells, 
fibres,  &c.,  in  connection  with  those  previously  formed ;  and  the 
mode  in  which  these  new  parts  originate  will  be  presently  con- 
sidered. 

19.  Fibrin  may  be  obtained  in  a  separate  form,  by  stirring 
fresh-drawn  blood  with  a  stick,  to  which  it  adheres  in  threads. 
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of  this  kind,  and  tbose  motions  which  are  performed  by  many 
plants,  without  any  consciousness  or  design ;  and  consequently 
it  is  not  easy  to  draw  the  line  precisely  between  the  Animal  and 
Vegetable  kingdoms.  There  can  be  no  doubt,  however,  that 
such  a  boundary  really  exists;  although  we  may  not  every- 
where be  able  to  trace  it.  We  shall  find  that  many  animals, 
though  obviously  possessing  the  faculty  of  giving  motion  to  the 
individual  parts  of  their  bodies,  are  yet  incapable  of  moving 
from  place  to  place,  being  fixed  to  one  spot  during  all  but  the 
earliest  period  of  their  lives ;  and  descending  still  lower,  we 
come  to  beings  which  are  not  only  thus  rooted,  like  plants,  to 
the  same  situation,  but  which  have  f o  little  power  of  moving 
any  part  of  their  mass,  and  seem  to  be  so  destitute  of  sensibility, 
that  it  is  difficult  to  imagine  them  to  possess  any  distinct  con- 
sciousness. This  is  the  case,  for  example,  with  the  Sponge. 
And  yet  there  is  such  a  resemblance  in  the  structure  of  the 
sponge,  to  that  of  other  beings  whose  animal  character  is  un- 
doubted, that  it  is  equally  difficult  to  remove  it  from  the  animal 
kingdom;  and  it  is  probable  that  this  creature,  low  as  it  evidently 
is  in  the  scale  of  being,  may  be  endowed  with  just  so  much 
sensibility  as  may  be  sufficient  to  give  it  a  pleasing  consciousness 
of  existence,  whilst  it  may  be  incapable  of  receiving  painful 
sensations.  Its  selection  of  food  appears  to  be  no  more  go- 
verned by  its  foillj  than  the  same  process  in  vegetables ;  but  it 
may  possess,  when  satisfied,  the  same  general  sense  of  comfort, 
as  that  which  we  enjoy  after  a  sufficient  meal  of  wholesome  food. 
6.  But,  it  may  be  asked,  is  there  nothing  in  the  structure  of 
animals,  which  distinguishes  them  from  plants  ?  And  to  this 
it  may  be  replied,  that  in  the  higher  animals,  not  only  the  prin- 
cipal organs,  but  the  greater  part  of  their  elementary  parts  or 
tissues,  are  formed  upon  a  plan  so  entirely  different  from  tliat 
which  prevails  in  plants,  that  there  would  be  no  danger  of  mis- 
taking the  one  for  the  other.  All  the  arrangements  of  the 
organism  or  corporeal  edifice  of  the  higher  animals,  are  made,  as 
we  shall  presently  find,  for  the  purpose  of  enabling  them  to 
perform,  in  the  most  advantageous  manner  possible,  those  peculiar 
functions  with  which   they  have  been   endowed^— to  receive 
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the  fonnatioii  of  this  conpoand,  which  takes  place  when  a  piece 
of  skin  or  other  substance  largely  containing  gelatin  is  immersed  in 
water  containing  oak-bark,  nut-galls,  &c.  (Yeoet.  Phys.  §.  364) 
is  tbe  chango  on  which  the  conversion  of  skin  into  leather  de- 
pends. Now  gelaUn  may  be  obtained  in  large  quantity,  by 
boiling  the  skin^  bones  and  cartilages  of  animak ;  but  it  is  un- 
certain whether  it  always  exists  in  them  a$  wcA^  or  whether 
some  chemical  change  is  not  occasioned  by  long  boiling,  which 
produces  gelatin  as  its  result. 

21.  The  nnmber  of  combining  equivalents,  or  proportionals, 
of  the  four  elements,  which  enter  into  albumen  and  gelatin 
respectively,  are  as  follows : — 

OITOnf.  BVDROOBH.     •      CAItBOM.  KITROCfN. 

AlbQmea  14  36  48  6 

GeUtin  18  41  48  7| 

The  aetnal  quantity  of  each  element  by  weight  in  1000  parts 
of  the  whole,  is, 

oi^onr.        BTtonoonf.        carbox.        kitragrn. 
Albamen  213  68  557i  161 4 

Geladn  216  70  502  182 

^^Hienoe  it  appears  that  gelatin  contains  moie  oxygen  and  nitrogen 
(or  azote),  and  less  carbon,  than  albumen.  Small  quantities  of 
sulphur  and  phosphorus  are  found  in  both  fibrin  and  albumen ; 
bttt  they  cannot  be  traced  in. gelatin* 

Structure  (^  the  Primary  Tistuet. 

22.  Tbe  primary  tissues  of  which  the  various  organs  of  ani- 
mals are  composed,  seem  divisible  into  two  classes ; — 1st,  Those 
^bich  are  formed  simply  by  the  consolidation  of  fibrin ; — and 
^d,  those  which,  either  in  their  perfect  state,  or  at  some  period 
of  their  formation,  are  in  the  condition  of  eelU^  resembling  those 
of  plants. 

23.  It  has  been  already  stated  (§•  18)  that  the  clot  which  is 
formed  by  the  ooagulation  of  fibrin,  even  when  this  takes  place 
^'tt^  ^the  living  body,  has  more  or  less  of  the  fibrous  character  ; 
and  this  is  more  distinct,  the  more  slowly  and  firmly  the  coagu- 
lation takes  place.     Now,  when  fibrin  is  poured  out  upon  a 
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centres,  which  causes  a  motor  impulse  to  trayel  along  the  nerves, 
and  thus  calls  the  muscles  into  contraction ;  and  it  seems  to  be 
in  the  same  manner,  that  those  instinctive  actions  are  produced, 
which^  although  few  in  adult  man  when  compared  with  those 
resulting  from  his  will,  predominate  in  his  infant  state,  and 
through  the  whole  life  of  the  lower  animals  (Chap.  xiv.).  We 
shall  also  find  that  the  nervous  and  muscular  systems  of  animals 
are  concerned  in  a  class  of  actions  with  which  the  mind  has  no 
necessary  connexion ;  these  actions,  such  as  those  of  swallowing 
(§.  195)  and  breathing  (§.  dfO),  having  for  their  object  to  assist 
in  the  performance  of  the  organic  functions,  and  to  protect  the 
body  from  danger. 

8.  In  the  higlier  Animals,  then,  the  presence  of  this  nervous 
and  muscular  apparatus  is  an  essential  and  obvious  distinction 
between  their  structure  and  that  of  plants ;  and  we  find  that  it 
•constitutes  a  large  part  of  the  bulk  of  the  body.  Thus  the 
whole  interior  of  the  skull  of  man  is  occupied  by  his  brain ;  his 
limbs  are  composed  of  the  muscles,  and  of  the  bones  which 
support  them,  and  to  which  they  give  motion;  and  it  is  only 
in  the  interior  of  his  trunk,  that  we  find  organs  correspond- 
ing with  those  which  form  the  whole  structure  of  the  Plant. 
These  organs  of  nutrition  have  for  their  main  purpose,  to  supply 
the  wants  of  the  organs  of  animal  life ;  every  exercise  of  which 
is  accompanied  by  a  certain  decay  or  wear  of  their  structure,  and 
which  consequently  require  to  be  continually  nourished  and 
repaired,  by  the  materials  provided  by  what  may  be  termed  the 
vegetative  organs  (§.  53).  But  in  the  lower  tribes  of  animals, 
we  do  not  find  the  animal  functions  to  possess  this  predomin- 
ance. In  fact,  among  the  many,  which  are  fixed  to  one  spot 
during  nearly  their  whole  lives,  and  which  grow  and  extend 
themselves  like  plants,  the  movements  of  the  body  are  but  few 
in  number,  and  trifling  as  to  their  variety ;  these  movements  are 
only  destined  to  assist  in  the  performance  of  the  organic  func-* 
tions,  as  by  bringing  food  to  the  mouth,  and  water  to  the 
respiratory  organs ;  and  the  nervous  and  muscular  apparatus  by 
which  they  are  effected,  bears  so  small  a  proportion  to  the  organs 
of  nutrition,  as  to  seem  like  a  mere  appendage  to  them,  and  is 
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sometimes  aliogetlier  undiscoverable.  This  is  the  case,  for 
example,  ia  the  lowest  kinds  of  shell-fish,  such  as  the  oyster ; 
and  in  the  coral-animals. 

9.  Hence  we  perceive,  as  we  descend  the  animal  scale,  a  nearer 
and  nearer  approach  to  the  character  of  plants ;  and  this  we  shall 
find  to  be  the  case,  not  only  in  the  general  arrangement  of  the 
organs,  bnt  also  in  the  nature  of  the  elementary  tissues  of  which 
they  are  composed.  For  in  the  higher  animals,  the  whole 
organism  is  constructed  in  such  a  manner,  as  to  admit  a  free 
motion  in  its  individual  parts.  The  different  portions  of  the 
skeleton  or  hard  framework  are  attached  to  each  other  by  flexible 
ligaments,  which  are  adapted  to  resist  a  very  powerful  strain ; 
the  muscles  are  attached  to  these  by  fibrous  cords  or  tendons, 
which,  also,  can  support  a  vast  weight;  and  the  several  muscles, 
and  other  parts,  which  need  to  be  connected,  but  also  require  a 
certain  power  of  gliding  over  one  another,  are  bound  together  by 
a  very  elastic  loosely-arranged  tissue,  consisting  of  fibres  cross- 
ing and  interlacing  in  every  direction,  the  interstices  between 
which  are  filled  with  fluid.  Now  to  these  Jibrous  tissues,  there 
is  nothing  analogous  in  plants,  because  no  freedom  of  motion  is 
required,  or  even  permitted,  among  their  parts.  And  we  find 
them  bearing  a  less  and  less  proportion  to  the  whole,  as  we 
descend  the  animal  scale.  On  the  other  hand,  we  find  the 
Tarions  forms  of  true  cellular  tissue,  such  as  predominate  in 
plants  (Veget.  Phys.  Chap,  iii.),  becoming  more  and  more 
abundant,  as  we  pass  from  the  highest  to  the  lowest,  and  having 
more  and  more  important  duties  to  fulfil.  But  even  in  the 
highest  Animals,  as  will  hereafter  appear,  tliey  are  the  essential 
instruments  of  the  most  important  among  the  organic  functions, 
just  as  they  are  in  Plants. 

10.  It  is  evident,  from  what  has  been  already  remarked  as 
to  the  peculiar  life  to  which  animals  are  destined,  that  the  mode 
in  which  they  obtain  their  nourishment  must  be  very  difierent 
from  that  which  prevails  in  the  vegetable  kingdom.  Plants 
extend  their  roots  through  the  soil  in  search  of  fluid,  and  spread 
ont  their  leaves  to  the  air  for  the  purpose  of  obtaining  its  carbon ; 
bat  the  animal  could  not  so  exist,  and  be  at  the  same  time 
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endowed  with  the  power  of  moving  from  place  to  place.  Hence 
he  requires  some  other  plan  of  obtaining  his  food ;  and  this  is 
proYided  for,  in  the  peculiar  character  of  the  food  itself,  and  in 
the  apparatus  by  which  it  is  taken  into  his  system.  We  have 
seen  (Yeobt.  Phys.  Chap,  ti.)  that  Plants  will  live  and  thrive, 
when  supplied  with  the  requisite  amount  of  the  four  elements, 
oxygen,  hydrogen,  carbon,  and  nitrogen,  united  in  the  simplo 
forms  of  water,  carbonic  acid,  and  ammonia, — together  with 
certain  mineral  ingredients ;  and  that  hence  they  can  grow  at 
the  expense  of  the  elements  around,  where  no  living  being  ever 
existed  previously.  But  this  is  not  the  case  with  animals. 
They  can  only  exist  upon  substances,  which  have  been  already 
combined,  either  by  plants  or  by  other  animals,  into  certain 
peculiar  compounds;  and  thus  the  whole  animal  kingdom  is 
directly  or  indirectly  dependent  upon  the  vegetable  kingdom  for 
its  support;  and  no  animal  can  exist  where  a  plant  has  not 
preceded  it. 

11.  Now,  these  substances  usually  exist  in  a  solid  form ;  and 
since  the  animal,  as  well  as  the  plant,  is  incapable  of  absorbing 
nutriment  into  its  body  in  any  but  the  fluid  form,  there  is  need 
of  a  preparatory  process  by  which  this  conversion  may  be  effected. 
For  this  purpose,  animals  are  provided  with  an  internal  cavity, 
or  ttamaehy  in  which  this  conversion  is  performed.  This  stomach 
is  nothing  else  than  a  bag  formed  by  the  prolongation  of  the 
external  covering  of  the  body  into  its  interior.  The  cavity  serves 
to  hold  the  food  which  is  introduced  into  it  by  the  mouth  ;  its 
walls  pour  out  or  secrete  a  fluid,  which  acts  upon  the  food  in  such 
a  manner  as  to  dissolve  it ;  and  through  its  walls  are  absorbed 
those  portions  of  the  food,  which  are  capable  of  being  applied  to 
the  nutrition  of  the  system,  while  the  remainder  is  cast  forth 
again  by  the  aperture  of  the  bag.  Hence  the  lining  membrane 
of  this  simple  stomach  performs  the  same  function  as  the  general 
surface  of  the  sea  weeds,  every  part  of  which  is  endowed  with 
the  power  of  absorbing  fluid  from  the  surrounding  elements 
(Yeqet.  Phys.  §.  102).  And  as  in  the  higher  pUnts,  we  find 
that  the  function  of  absorption  is  specially  committed  to  a  set  of 
root-fibres  prolonged  from  the  general  surface  into  the  soil,  so  do 
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we  find  that  in  the  higher  animab  it  is  performed  by  a  set  of 
vesBels  spread  oat  upon  the  sides  of  the  digestive  cavity  oe 
stomach,  which  take  up  the  nutritious  fluid,  and  carry  it  to 
distant  parts  of  the  body. 

12.  Thus  it  is  seen  that  the  possession  of  a  stomach  is  neces- 
sarily connected  with  the  peculiar  mode  in  which  Animals  are 
destined  to  live,  and  the  food  on  which  they  are  to  be  sup- 
ported. By  it  they  are  enabled  to  carry  about  with  them 
supplies  of  food,  which  cannot  in  general  be  obtained  constantly, 
but  are  only  to  be  secured  occasionally ;  and  this  food  they  can 
reduce  in  it  to  the  fluid  form,  and  thus  prepare  it  for  being 
absorbed.  It  is  obvious  that,  until  it  is  so  absorbed,  it  is  no 
more  within  the  body  of  an  animal — though  contained  in  its 
stomach — than  is  the  fluid  in  the  soil  which  surrounds  the  roots 
of  plants. 

13.  Now,  this  digestive  cavity,  or  stomach,  with  the  organs 
by  which  the  food  is  introduced  into  it,  constitute  the  whole 
structure  of  the  simplest  animals.  There  seems  reason  to  believe, 
that  many  of  the  lower  class  of  animalcules  (§.  136),  are  little 
else  than  single  cellsy  differing  from  those  of  the  red-snow  or 
yeast  plant  chiefly  in  this,^ — that  there  is  an  aperture  or  mouth 
by  which  nourishment  is  introduced  into  their  cavity,  so  that 
they  do  not  absorb  by  their  external  surface  only,  but  also  by 
their  internal, — ^and  that  they  are  furnished  with  ctVia,  or  little 
hair-like  filaments,  by  the  vibration  of  which,  they  are  moved 
actively  from  place  to  place,  and  their  food  conveyed  into  their 
months.  And  it  is  qaite  certain  that  animals  much  more  highly 
organised,  are  composed  of  little  else  than  an  assemblage  of  such 
cells,  so  arranged  as  to  form  a  membranous  bag,  with  a  mouth, 
and  a  circle  of  arms  or  tentacula  around  it,  serving  to  lay  hold  of 
and  draw  in  its  food. 

14.  This  is  the  case,  for  example,  with  the  Hydra^  or  fresh- 
water poljrpe,  a  little  animal  which  is  very  abundant  in  many  of 
our  ponds,  and  the  study  of  which  has  been  a  most  fertile  source 
of  interest  to  the  microscopic  observer.  It  commonly  attaches 
itself  to  a  stick,  straw,  or  other  floating  substance,  by  means 
of  a  kind  of  sucker  at  its  lower  extremity ;  and  stretches  out 
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its  arms  in  search  of  its  food,  which  consists  of  minate  aqtutio 
worms  and  insects.     These  are  secnreljr  laid  hold  of  by  one  or 
more  of  the  arms,  and  ate  drawn 
into  the    mouth,  a,  which   leads 
to  the  stomach  or  general  cavity 
of  the*  body,  in  which  they  are 
digested,    and  from  the  walls  of 
which  the  nutritious  portions  are 
absorbed.     A  hind  of  circulation, 
or  flow  of  nntritioua  fluid  throngh 
chiinncls,    appear?  to   take    place 
even  in  this  simple  animal,  for  the 
conveyance  of  nourishment  to  the 
arms.     Tlie  portions  of  tho  food 
which  are   not  capable    of  being 
digested,  are  cast  out  through  the 
mouth ;    hut    iu  the    higher  po- 
F.a.i^H„««.„^FH«».™«.    lyp^^^  ^g  j„  ^11  the  more   com- 
plex animals,  a  second   apertnre 
is  provided    for  tliis  purpose. — JTow,  that   the   lining  mem- 
brane of  the  etomaeh  is  nothing  else  than  an  inward  prolon- 
gation of  tliat  wliich  covers  its  surface,  is  evident  from  a  very 
curious  experiment  which  has  been  many  times  performed  upon 
this  little  animal,  with  the  same  result.     It  may  actually  bo 
turned  imide-out,  as  we  should  turn  a  glove  or  a  stocking;  so 
that  the  lining  of  the  etomacli  shall  become  the  external  cover- 
ing, and  the  external  memhr»ine  the  lining  of  the  stomach  ;  and 
yet  the  functions  of  the  animal  seem  to  go  ou  as  if  they  had  not 
been  in  the  least  disturbed. 

15.  All  the  cliief  functions  which  have  been  described  as 
tt^ing  place  in  plants,  are  performed  by  animals  also,  besides 
those  which  are  peculiar  to  tlie  latter.  Thus,  the  nutriment  which 
baa  been  ahiorled  in  the  state  which  may  ho  called  the  raw  maU- 
rial,  has  to  be  converted  into  a  suhstance  fit  for  the  nourishment 
of  the  tissues,  and  capable  of  being  appropriated  by  them  ;  this 
process,  resembling  the  "elaboration  of  the  sap"  in  plants,  is 
termed  animilallon  (or  rendering-like).     This  assimilated  flnid 


CBLL8  IN   ANIMAL  FLUIDS.  35 

whole  plant,  in  the  lower  tribes  of  the  Vegetable  kingdom,  and 
all  the  softer  portion  in  the  higher,  is  composed.  It  does  not 
kna  so  large  a  part  of  the  structare  of  Animals ;  but  we  shall 
find  that  ikeir  Yi^al  functions  are  as  much  dependent  upon  the 
agency  of  cells  as  are  those  of  plants. 

33.  In  the  blood  or  nutritious  fluid,  which  circulates  through 
the  bodies  of  all  but  the  very  lowest  animals,  there  may  be  seen 
a  number  of  colourle$9  eM$  floating  in  the  liquid,  and  carried 
along  in  its  current.  These  cells  are  also  to  be  seen  in  the  nutri- 
tious fluid  which  is  taken  up  in  the  absorbent  yessels  (or  lacteals) 
of  higher  animals,  and  which  is  gradually  being  oonverted  into 
blood.  They  contain  a  number  of  minute  granules,  which  appear 
to  be  the  germs  of  new  cells ;  and  it  is  probable  that  the  life 
of  each  parent  cell  has  its  appointed  period,  and  that,  when  that 
period  has  elapsed,  it  bursts  (exactly  in  the  manner  of  the  red- 
snow  or  yeast  plant,  Yegbt.  Phts.  §§.  48  and  65),  and  sets 
free  these  germs,  whose  development  into  new  cells  has  already 
oommenoed.  Now  as  to  the  function  of  these  floating  cellS}  a 
considerable  amount  of  evidence  has  been  brought  together  to 
show,*  that  they  are  the  real  agents  of  the  conversion  of  albu- 
men into  fibrin, — a  change  of  the  utmost  importance  in  the 
animal  economy. 

34.  In  the  blood  of  all  the  higher  animals,  we  also  find  a 
vast  number  of  minute  discs,  sometimes  round,  sometimes  oval ; 
these  are  not  colourless,  like  the  former,  but  contain  a  red  fluid ; 
and  to  this  the  colour  of  the  blood  is  entirely  due.  These  discs, 
too,  are  flattened  cells ;  and  they  also  seem  to  have  a  fixed  term 
of  life,  and  to  be  capable  of  reproducing  one  another,  somewhat 
in  the  manner  of  the  last.  Their  function  appears  to  be  that  of 
serving  as  the  carriers  of  oxygen  from  the  lungs,  into  the  tissues 
which  need  the  supply ;  and  of  bringing  back  the  carbonio  acid, 
which  is  set  free  in  the  latter,  to  be  disengaged  in  the  lungs  (§.234). 

35.  The  basement  membrane  just  described,  is  covered,  in 
almost  every  part,  by  one  or  more  layers  of  flattened  cells.  On 
that  of  the  skin,  these  layers  are  very  numerous,  and  form  a  oon- 

*  See  a  Paper  bj  the  aothor,  on  the  Functiont  of  Celli,  in  the  British  and 
Medical  ReTiew,  for  Jannary  1843. 

D  2 


36  EPIDERMIC   CELLS,    COTERING    THE   SURFACE. 

iinuouB  membrane,  the  epidermu^  or  scarf-skin  ;  this  is  separated 
from  the  true  skin,  when  raiied  by  a  blister ;  and  it  may  also 
be  separated  after  death,  by  soaking  a  piece  of  skin  for  some  time 
in  water.  The  cells  of  the  outer  layers  dry  up  by  exposure  to 
the  air,  and  become  flat  scales ;  but  those  of  the  inner  layers, 
which  are  kept  moist  by  fluid  that  is  supplied  to  them  from  the 
vessels  of  the  skin,  present  their  usual  rounded  fignre.  Now, 
the  outer  layers  are  being  continually  worn  away ;  and  the  inner 
layers  are  as  continually  pushed  outwards,  by  the  formation  of 
new  layers  on  the  surface  of  the  basement  membrane.  These 
seem  to  originate  in  germs  which  that  membrane  contains.  The 
epidermis  does  not  seem  to  perform  any  other  function,  than  that 
of  proticiion  to  the  delicate  and  sensitive  surface  of  the  true 
skin.  It  undergoes  various  modifications  for  this  purpose  in 
different  animals ;  whose  defences  are  for  the  most  part  formed 
as  appendages  to  it  or  alterations  of  it.  Thus  in  many  shells, 
the  exterior  layers  are  formed  of  cells  arranged  side  by  side,  and 
filled  with  mineral  matter ;  this  is  the  case  with  the  brownish 
yellow  substance  which  forms  nearly  the  whole  shell  of  Pinna, 
the  outer  layers  of  the  Pearl-oyster,  and  the  edges  of  the  outer 
layers  of  the  common  Oyster.  The  scales  of  fishes  and  reptiles, 
the  feathers  of  birds, — the  hair,  hoo&,  claws,  naib,  and  horns  of 
mammalia, — all  possess  a  structure  very  similar  to  that  of  the 
epidermis  in  its  nature ;  and  may  be  regarded  as  belonging  to  it. 
36.  But  the  layers  of  ceUs  which  cover  the  internal  pro- 
longations of  the  skin,  have  very  different  and  more  important 
functions  to  perform  ;  and  in  order  that  these  may  be  understood, 
it  is  desirable  to  explain  more  fully  the  nature  and  offices  of  the 
membrane  which  forms  these  prolongations.  It  has  been  already 
stated  that,  in  the  lowest  animals,  the  membrane  which  lines  the 
stomach,  and  that  which  covers  the  body,  so  strongly  resemble 
each  other,  that  one  may  be  made  to  perform  the  functions  of 
the  other  (§.  14)  ;  and  this  is  to  a  certain  extent  the  case  even 
in  the  highest  animals,  where,  however,  each  has  its  own  special 
offices  to  perform.  The  iikin  is  the  part  by  which  chiefly  the 
impressions  of  external  objects  are  conveyed  to  ns,  through  the 
nervous  system  (§.  6).     It  is  copiously  supplied  with  nervesi 
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orer  erery  part ;  so  that  there  is  no  portion  of  the  surface,  except 
ihat  which  is  protected  hy  the  nails,  on  which  we  cannot  feel. 
For  the  action  of  these  norres,  a  large  supply  of  hlood  is  required. 
Hence  the  true  skin  is  principally  made  up  of  nerves  and  hlood- 
TesBels,  bound  together  by  various  kinds  of  fibrous  tissue. 

37.  On  the  other  hand,  it  is  by  means  of  the  membrane 
lining  the  digestive  cavity,  that  the  functions  of  digestion  and 
abeorption  are  performed  ;  and  it  consequently  needs  a  very  dif- 
ferent structure.  It  is  not  supplied  with  many  nerves ;  and  it 
posKsses  in  health  so  little  sensibility,  that  we  are  not  aware  of 
the  contact  of  the  substances  taken  in  as  food,  unless  they  are  of 
ui  acrid  character,  or  of  a  temperature  very  di£Perent  from  that 
of  the  body.  But  it  is  endowed  with  the  power  of  secreting  the 
fluids  necessary  ibr  the  solution  of  the  food ;  and  with  the  power 
of  selecting  and  absorbing  the  nutritious  products  which  have 
been  separated  from  it ;  and  for  these  purposes  it  is  most  copi- 
ously supplied  with  blood-vessels.  The  same  general  characters 
ue  presented  by  the  membrane  that  lines  the  windpipe  and  air- 
panages,  as  well  as  by  several  others ;  and  these  are  all  com- 
monly spoken  of  as  mucous  fnemhranes^  on  account  of  the  peculiar 
tenacious  secretion,  termed  mvcut,  by  which  they  are  covered, 
and  protected  from  the  irritation  that  would  be  otherwise  pro- 
duced by  the  contact  of  solid  or  liquid  substances,  or  even  of  air, 
with  their  free  surfaces.  When  this  secretion  is  checked,  which 
sometimes  happens  from  injuries  of  the  nervous  system,  the 
membrane  becomes  inflamed,  and  may  even  be  completely  de- 
stroyed by  the  diseased  action  thus  occasioned. 

38.  Mucous  membrane  may  either  exist  in  the  condition  of 
a  simple  expanded  surface,  covered  with  one  or  more  layers  of 
flat  epithelium  ceUs,  which  form  a  kind  of  pavement  to  it ;  or  it 
may  have  a  much  more  complex  arrangement,  by  which  its  sur- 
face is  greatly  increased.  The  timple  mucdus  membrane,  such 
as  that  which  lines  the  nose  and  air-passages,  is  found,  for  the 
most  part,  where  no  absorption  has  to«be  performed,  and  where 
only  a  moderate  amount  of  secretion  is  necessary.  But  where 
it  is  to  absorb  as  well  as  to  secrete,  it  is  usually  involuted  or 
folded  upon  itself,  in  such  a  manner  as  to  form  a  series  of  little 
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projections^  and  also  a  nnmber  of  minute  pits.  These  projec- 
tions sometimes  have  the  form  of  long  folds ;  in  other  instances 
they  are  narrow  filaments,  crowded  together  so  as  almost  to  re- 
semble the  pUe  of  velTet.  In  either  case,  the  absorbent  surface 
is  vastly  increased ;  but  chiefly  so  by  these  filaments,  which  are 
termed  m//i,  and  act  as  so  many  little  rootlets.  On  the  other 
hand,  it  is  in  the  pits  or  follicles  that  the  production  of  the  fluid, 
which  is  to  be  separated  or  secreted  from  the  blood,  chiefly  takes 
place. 

39.  The  whole  surface  of  every  mucous  membrane,  whether 
simple  or  involuted,  is  usually  covered  with  cells,  resembling  those 
of  the  epidermis,  but  never  dried  up  into  scales ;  and  the  layer 
formed  by  these  cells,  which  sometimes  adhere  into  a  continuous 
membrane,  whilst  in  other  instances  they  readily  separate  from 
each  other,  is  called  the  tpUhslium.  This  epithelium  is  frequently 
being  cast  off,  like  the  epidermis ;  especially  from  the  parts  that 
are  most  concerned  in  secretion :  and  it  is  as  continually  b^ng 
replaced,  by  the  development  of  new  cells  from  germs  contained 
in  the  basement  membrane,  at  the  expense  of  fluid  that  transudes 
it  from  the  blood-vessels  copiously  distributed  beneath.     Not 

only  are  the  flat  ex- 
panded surfaces  of 
the  mucous  mem- 
brane covered  with 
epithelium  cells,  but 
the  villi  also  are 
sheathed  by  them ; 
and  the  secreting 
follicles  are  lined 
by  the  same.  It 
would  appear,  how- 
ever, that  the  epi- 
thelium cells  of  the 
villi  have  the  pro^ 
Uction  of  their  deli- 
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that  they  hl\  off  when  these  minute  but  meet  important  organs 
are  performing  their  function  of  selecting  and  absorbing  the 
nutritious  elements  of  the  food, — ^being  replaced  again  in  the 
time  that  elapses  before  the  next  digestion.  On  the  other  hand, 
it  seems  probable  that  the  epithelium  cells  of  the  foUieUi  are  the 
real  agents  in  the  deereting  process ; — that  they  draw  from  the 
blood,  as  materials  for  their  own  growth,  certain  elements  con- 
tained in  it ; — and  that,  when  mature,  they  fall  off,  and  discharge 
these  substances  as  the  product  of  secretion,  giving  place  to  a 
fresh  crop  or  generation  of  cells,  which  go  through  a  series  of 
changes  precisely  similar  to  the  preceding. 

40.  Now  these  follicles  are  the  simplest  types  or  examples 
of  all  the  glandular  structures,  by  which  certain  products  are 
separated  from  the  blood,  some  to  be  cast  forth  from  the  body  as 
unfit  to  be  retained  in  it ;  and  some  to  answer  particular  pur** 
poses  in  the  system  (§.  15).  In  all  of  them,  the  structure 
altamately  consists  of  such  follicles,  sometimes  however  swollen 
into  rounded  vesicles,  and  sometimes  extended  into  long  and 
narrow  tubes.  Each  follicle,  vesicle,  or  tube,  is  composed  of  a 
layer  of  basement  membrane,  lined  with  epithelium  cells,  and 
surrounded  on  the  outside  vnth  minutely  distributed  blood- 
vessels ;  and  it  seems  to  be  by  the  peculiar  powers  of  these  cells, 
that  the  products  of  the  secreting  action,  whether  bile,  saliva, 
frtty  matter,  or  gastric  fluid,  are  formed.  Hence  we  see  that 
the  act  of  tecretion  is,  in  animals  as  in  plants,  really  performed 
by  cells.  It  is  necessary  to  bear  in  mind,  however,  that  a  simple 
*ratuudaium  oi  the  watery  parts  of  the  blood  may  take  place 
without  any  proper  secreting  action,  in  the  dead  as  in  the  living 
body ;  and  it  is  in  this  manner  that  the  serous  fluid  of  areolar 
tissue  and  serous  membrane  is  poured  out. 

41 .  Recent  discoveries  enable  us  to  go  further,  and  to  say  that 
the  ieUetivs  absorption  of  nutritious  matter  seems  to  be  performed 
by  the  same  agency.  It  is  necessary  to  distinguish  the  absorption 
by  the  villi  of  mucous  membrane,  which  are  the  roots,  as  it  were, 
of  the  vessels  that  take  up  the  nutriment,  from  the  mere  imbM" 
Am  (or  drinking  in)  of  fluid,  which  may  take  place  through  any 
thin  and  soft  animal  tissue.     We  shall  find  hereafter,  that  water 
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and  any  substances  completely  dissolved  in  it,  which  do  not  render 
it  yiscid,  may  be  thus  absorbed  by  the  blood-vessels ;  bat  that 
the  mlli  seem  to  have  the  peculiar  property  of  selecting  nutritive 
substances  only,  and  of  conveying  these  into  the  vessels  adapted 
to  carry  them  into  the  circulation  (§.  218).  This  they  appear 
to  accomplish  by  means  of  a  set  of  cells  developed  at  their  extre- 
mities for  this  purpose,  every  time  that  the  process  takes  place. 
In  the  intervals  of  the  digestive  action,  only  a  few  granules, 
which  appear  to  be  cell-germs,  can  be  seen  at  the  end  of  the 
villus  (Fig.  2.  A,  ^ ;  but  when  absorption  is  taking  place,  the 
protective  epithelium  falls  off,  and  a  number  of  large  round  cells, 
filled  with  a  milky  fluid,  are  seen  to  have  been  developed  at  the 
extremity  of  each  villus  (Fig.  2.  B,  d).  These  cells  lie  very 
close  to  the  loops  that  form  the  commencement  of  the  absorbent 
vessels;  and  when  they  have  become  filled  with  fluid,  they 
either  burst  or  dissolve  away,  and  yield  their  contents  to  those. 
This  process  is  repeated  every  time  that  the  absorption  of  this 
peculiar  fluid,  termed  ehyle^  takes  place. 

42.  Thus  it  will  be  seen,  that  these  apparently  rimple  and  insig- 
nificant bodies,  edU^  are  the  real  agents  in  the  two  most  important 
processes  in  the  nutritive  operations, — the  abiorptian  of  nutritive 
matter,  and  the  eofcretum  of  substances  that  are  unfit  to  be  retained 
in  the  system.  We  shall  hereafter  see  that  the  latter  is  even  the 
more  constantly  important  of  the  two ;  for  that  an  animal  may  live 
for  some  time  vrithoutfood,  whilst  it  is  rapidly  destroyed  if  its  blood 
be  not  purified  from  the  matter  that  is  destined  to  be  excreted. 
There  is  something  extremely  mysterious  in  the  performance  of 
these  different  operations,  by  instruments  that  appear  so  simple, 
and  which  so  strongly  resemble  each  other.  There  would  not 
seem  any  obvious  reason,  why  one  set  of  cells  should  thus  minister 
to  absorption,  and  another  to  excretion.  Perhaps,  however,  it 
may  be  partly  explained  from  their  respective  situations.  The 
absorbent  cells  are  situated  in  the  substance  of  the  villus,  beneath 
its  covering  of  basement  membrane ;  hence,  when  they  burst  or 
dissolve,  their  contents  are  not  set  free,  but  they  are  delivered  to 
the  vessels  in  their  neighbourhood,  by  which  they  are  imbibed. 
On  the  other  hand,  the  secreting  cells  cover  the  free  sur&ce  of 
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the  iMsexnent  membnuie ;  and  when  they  liberate  their  contents, 
these  are  caat  into  the  tnbe  or  canal  whose  walk  they  help  to 
form,  and  are  thus  conyeyed  away.  In  the  fatty  tissue,  we  have 
an  example  of  cells,  endowed  with  a  similar  power  of  secretion, 
bnt,  through  their  difference  of  situation,  remaining  to  form  part 
of  the  regular  structure  of  the  body  (§.  44).  But  of  the  reason 
why  one  secreting  cell  should  separate  from  the  blood  a  certain 
product,  and  another  should  draw  off  a  product  entirely  different, 
we  can  give  no  account  whatever. 

43.  We  have  cases  exactly  parallel  in  the  Tegetable,  howcTer ; 
for  in  the  same  plant  we  may  find  one  set  of  cells  secreting  (or 
drawing  from  the  circulating  fluid  into  their  own  cayities)  a  fixed 
oil — another  set,  a  volatile  oil — another  set,  starch — another  set, 
colouring  matter — and  so  on.  In  the  tissue  of  a  parti-coloured 
flower,  we  observe  cells  lying  side  by  side,  and  apparently  under 
precisely  the  same  circumstances,  but  which  secrete  or  produce 
different  kinds  of  colouring  matter,  so  that  one  (for  example)  shall 
be  blue,  and  the  other  yellow.  Or  if  we  go  to  the  opposite 
extremity  of  the  scale,  we  find  one  species  of  plants,  composed  of 
separate  cells  only,  adapted  to  live  upon  any  cold  damp  surface, 
Aod  to  obtain  its  nutriment  from  the  air  and  moisture  around  ; 
whilst  another  plant,  also  consisting  of  separate  cells,  can  only  live 
and  vegetate,  when  supplied  with  animal  or  vegetable  matter  in  a 
state  of  change  or  decay.*  Of  the  reason  of  the  respective  pecu- 
liarities of  these  cells,  no  account  whatever  can  be  given ;  and  we 
ve  consequently  as  much  in  the  dark  respecting  their  cause,  as  we 
ve  in  regard  to  the  reason  of  the  peculiar  operation  of  cells  in  the 
Mimal  economy.  BQt  it  is  an  important  and  interesting  step  in 
^e  science  of  Physiology,  to  be  able  to  show  that,  although  the 
stmctuie  and  mode  of  life  of  Animals  appear  so  different  from  those 
of  Plants,  the  manner  in  which  those  functions  that  are  common  . 
to  both  are  performed,  is  iOprecUely  the  same, 

44.  In  the  bodies  of  the  higher  animals,  there  are  few  organs 
of  whose  tissue  cells  form  a  permanent  part ;  except  the  epidermis 
and  its  appendages,  and  the  epithelium.    In  almost  every  pari 

♦  8«  the  acooiiDt  of  tho  lUd  Snow  and  Yeasi  Plant,  in  Veobt.  Physioi.. 
S§.  48  and  55. 
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of  the  body,  howeyer,  we  find  oily  matter  or  fat  deposited  in  the 
areolar  tissue.  It  does  not  lie  freely  there,  in  the  meshes 
of  that  tissue ;  for  if  it  did,  it  would  not  be  confined  to  particu- 
lar  spots,  but  would  find  its  way  from  one  part  of  the  body  to 
another  (§.  24).  The  fatty  tissue  is  distinct,  as  well  as  the  fatty 
matter  itself;  for  it  is  composed  of  minute  cells  or  Tesiclea, 
having  no  communication  with  each  other,  but  lying  side  by  side 
in  the  meshes  of  the  areolar  tissue,  which  serres  to  hold  them 
together,  and  through  which  also  the  blood- vessels  find  their  way 
to  them.  From  the  fluid  in  these  vessels,  the  fi&tty  matter  is 
separated  in  the  first  place ;  and  it  is  prevented  from  making  its 
way  through  the  very  thin  walls  of  the  cells,  by  the  simple 
expedient  of  keeping  these  constantly  moist  with  a  watery  fluid, 
the  blood.*  The  blood-vessels  have  also  the  power  of  taking 
back  the  fatty  matter  again  into  the  circulation,  when  it  is 
wanted  for  other  purposes  in  the  economy.  These  depositee 
of  fatty  matter  answer  several  important  objects.  They  often 
assist  the  action  of  moving  parts,  by  giving  them  support 
without  interfering  with  their  free  motions ;  thus  the  eye  rests 
on  a  sort  of  cushion  of  fat,  on  which  it  can  freely  turn,  and 
through  which  the  muscles  pass  that  keep  it  in  play.  It  also 
affords,  by  its  power  of  resisting  the  passage  of  heat,  a  warm 
covering  to  animals  that  are  destined  to  live  in  cold  climates ; 
and  it  is  in  these  that  we  find  it  accumulated  to  the  largest 
amount.  Further,  being  deposited  when  nourishment  is  abun- 
dant, it  serves  as  a  store  which  may  be  taken  back  into  the 
system,  and  made  use  of  in  time  of  need.  The  causes  which 
peculiarly  contribute  to  the  production  of  fat  will  be  considered 
hereafter  (Ch^.  in.) 

•  45.  Another  tissue  of  which  cells  form  the  principal  part,  is 
that  termed  cartilage  or  gristle.  Its  simplest  state  is  that  of  a 
mass  of  firm  gelatinous  substanoe,  through  which  are  scattered  a 
number  of  cells,  at  a  greater  or  less  distance  from  one  another. 
In  the  gelatinous  substanoe  itself,  no  trace  of  structure  can  be 
seen,  in  the  simple  cellular  cartilages,  such  as  those  which  cover 

•  Thu  oil  will  not  put  into  blotting-paper,  if  thii  hate  been  previously 
moistened  with  water. 
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the  ends  of  the  bones,  where  they  glide  over  one  another  so  as  to 
form  moyable  joints.  But  in  cartilages  which  hare  to  resist 
not  only  preesare  bnt  also  extension  or  strain,  we  find  the  space 
between  the  cells  partly  occupied  by  fibres,  which  resemble 
thoee  of  ligaments ;  and  sach  are  termed  fibro-cartilages.  They 
are  found  in  man  between  the  Tertebne  of  which  the  spinal 
column  ia  made  up  (§.  63) ;  and  also  uniting  the  bones  of  the 
pelvis  (§.  85.)  Sometimes,  where  elasticity  is  required,  the 
fibres  are  those  of  the  yellow  fibrous  tissue  (§.  39)  ;  this  is  the 
caae  with  the  cartilage  which  forms  the  external  ear.  Cartilage 
is  not  penetrated  by  blood-Teesels ;  at  least  in  its  natural  state. 
The  blood  is  brought  to  its  surface,  by  a  set  of  vessels  which 
bulge  out  into  dilatations  or  swellings  upon  it,  so  that  a  large 
quantity  of  fluid  is  spread  out  over  the  cartilage,  only  separated 
from  it  by  the  thin  walls  of  the  vessels ;  and  it  appears  that  this 
fluid,  or  so  much  of  it  as  is  required,  is  absorbed  by  the  nearest 
eells,  and  transmitted' by  them  to  the  cells  in  the  interior,  so  that 
the  whole  substance  is  nourished.  This  is  precisely  the  mode 
in  which  the  interior  of  the  large  sea- weeds  (whose  tissue  con- 
sists of  cells  imbedded  in  a  gelatinous  substance,  and  therefore 
beairs  a  dose  resemblance  to  animal  cartilage)  obtains  its  nourish- 
ment  from  the  surrounding  fluid.  (Vbget.  Phtb.  §•  103). 

46.  The  permanent  cartilages  seem  to  undergo  very  little 
change  from  time  to  time.  Their  wear  is  slow ;  and,  being 
purely  mechanical,  it  is  confined  to  the  suHace.  It  is  replaced 
by  the  materials  absorbed  from  the  blood,  which  are  employed 
in  the  development  of  new  cells,-*4ometimes  within  the  old 
ones,  eometimes  in  the  space  between  them.  When  a  portion 
of  cartilage  has  been  destroyed,  however,  by  disease  or  injury, 
it  is  not  renewed  by  true  cartilaginous  structure,  but  by  what 
seems  a  condensed  areolar  tissue.  Although  cartilage  does  not 
usnafly  contain  vessels,  yet  these  may  be  rapidly  developed  in 
its  substance,  by  a  process  which  will  be  described  hereafter 
(Chap,  vii.),  when  it  becomes  inflamed.  This  may  be  often  tern 
to  take  place.  The  front  of  the  eye  is  formed  by  a  transparent 
cartilage,  bulging  like  a  watch-glass;  which  is  termed  the 
cornea  (Chap,  xi.)     This  substance  is  properly  nourished  only 
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hj  yesaelB  that  bring  blood  to  its  edge,  where  it  is  connected  '^, 
with  the  tough  membrane  that  forms  the  tekite  of  the  eye.  But  -^ 
when  the  cornea  becomes  inflamed,  minute  Tessels  may  be  seen  ^  1 
to  spread  over  it,  proceeding  from  its  circular  edge  towards  its 
centre ;  and  at  last  some  of  these  often  become  of  considerable  ^' 
size.  Under  proper  treatment,  however,  these  vessels  gradually  ^ 
shrink  and  disappear ;  and  the  cornea  becomes  nearly  as  trans*  ^^ 
parent  as  before.  ^' 

47.  Many  parts  exist  in  the  state  of  cartilage  in  the  young  ^ 
animal,  which  are  afterwards  to  become  bone ;  and  in  £Bkot  we 
may  say  that  all  bones  have  their  origin  in  a  cartilaginous  stmc- 
ture.  The  transformation  is  a  very  curious  one,  and  is  not  yet 
properly  understood ;  but  the  nature  of  the  bony  structure  is 
easily  explained.  When  we  cut  through  a  fully  formed  bone, 
such  as  that  of  the  thigh,  we  find  that  the  «^^  or  lengthened 
portion  ia  a  hollow  cylinder ;  of  which  the  walls  are  formed  by 
what  appears  to  be  solid  bone ;  whilst  the  interior  is  filled,  in 
the  living  state,  by  an  oily  substance  laid  up  in  cells,  and  termed 
marrow.  Towards  the  extremities,  however,  the  structure  of 
bone  is  very  different*  The  outside  wall  becomes  thinner ;  and  ^ 
the  interior,  instead  of  forming  one  large  cavity,  is  divided  into 
a  vast  number  of  small  chambers,  like  those  of  areolar  tissae, 
by  their  bony  partitions,  which  cross  each  other  in  every  direction. 
These  chambers  are  filled  with  marrow,  like  the  central  cavity, 
with  which  they  communicate.  In  the  flat  bones,  moreover, 
— such  as  those  of  the  head,— we  find  that  the  two  surfaces  are 
composed  of  dense  plates  of  bone,  like  that  which  forms  the  shaft 
of  the  long  bones ;  but  that  between  them  there  is  a  layer  of 
this  areolar  structure,  filled  in  like  manner  with  marrow.  But 
when  we  examine  with  the  microscope  a  thin  section  of  even  tbe 
densest  bony  matter,  we  find  it  traversed  by  a  network  of  minute 
canals,  all  of  which  proceed  from  the  central  cavity,  and  are 
filled,  like  it,  with  marrow.  These  canals  usually  run,  in  the 
shafts  of  long  bones,  in  the  direction  of  their  length ;  and  are 
connected,  every  here  and  there,  by  cross  branches.  They  are 
termed  the  Haversian  canals,  after  the  name  of  their  discoverer. 
Havers.    The  lining  membrane  of  the  large  central  cavity  is 
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eopionelj  supplied  with  blood-Teaseb ;  moA  this  sends  off  pro- 
loDgfttiona  into  the  areoln  at  the  exlramities  of  the  bone,  ud 
into  the  HkTneian  canals.  Thus  blood  Is  coaveyed  into  th« 
interior  of  the  bone ;  but  no  veaeels  can  be  traced  abaolutely 
into  its  texture,  so  that  all  the  spaces  which  lie  between  the 
Harenian  canals  are  as  destitute  of  vessels  as  is  healthy  carti- 
lage. These  spaces  are  provided  with  nutriment  hj  the  follow* 
ing  very  remarkable  arrangement. 

4S.  When  we  cut  across  the  shaft  of  a  long  bone,  and  ex- 
amine a  thin  section  with  a  microscope,  we  of  course  see  the  open 
extremities  of  the  Eavereian  a 

canals  (Pig.  3,  a)  ;  just  as 
we  see  the  cut  ends  of  the 
ducts  and  vessels  of  wood, 
when  we  make  a  transverse 
section  of  a  stem  (Veoet. 
Phyb.  §.  129).  Around 
each  of  these  apertures,  the 
bony  nutter  is  arranged  in 
concentric  rings,  which  are 
marked  out  and  divided  by 
nrclea  of  little  dark  spots ; 
and  when  theee  spots  areex- 
amined  with  a  higher  power, 
it  is  seen  that  they  are 
small  flattened  cavities,  Irom 
which  proceed  a  number 
of  extremely  minute  tn- 
bnles  (A).  These  tubules 
psM  out  from  the  two  flat 
Bides  of  each   cavity;  one  no. 3. 

set  pasaee  inwards,  towards       eamon  of  Bon.  duwlnc  ttaa  DonoBtrto  rinf* 

u,,  c™ta  of  ih.  ri»g,  „d  r  ™.-.,''».'!:.':sr..TL,'i.l..K 

the  other  outwards  towards  tuUM,  UDnhighijiuFiUM. 
the  ring  that  next  surrounds  thetn.     These  minute  tubuli,  which 
■re  br  smaller  than  the   smallest  blood -vessels,  may  thus  be 
traced    into  every  part  of   the  substance    of    the  bone;    and 
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those  proceeding  from  different  rings  are  so  connected  with 
each  other,  that  a  oommunication  is  established  between  the 
innermost  and  the  outermost  circles.  The  tubuli  which  open 
upon  the  sides  of  the  Haversian  canals,  are  thus  enabled  to 
take  up  the  nourishment  with  which  they  are  supplied  by  the 
blood-TCSsels,  and  to  transmit  it  to  the  outer  circles,  or  those 
furthest  removed  from  those  vessels ;  and  in  this  manner,  a  much 
more  active  nutrition  takes  place  in  bone  than  that  whidi  Ib 
performed  in  cartilage.  It  has  been  proved  by  various  experi- 
ments, that  the  substance  of  bone  is  undergoing  continual  change ; 
and  it  is  owing  to  the  comparative  activity  of  its  nutritive  pro- 
cesses, that  bone  is  so  readily  and  perfectly  repaired,  when  it  has 
been  broken  by  violence,  or  injured  by  disease. 

49.  But  the  peculiarity  of  bone  consists,  not  so  much  in  this 
remarkable  arrangement  of  its  organic  structure,  as  in  its  solidity 
and  firmness.  This  is  given  to  it  by  the  deposition  of  a  large 
quantity  of  mineral  matter  in  the  cartilaginous  portion  of  its 
tissue.  Such  a  deposition  sometimes  takes  place  in  ordinary 
cartilages,  especially  in  old  persons ;  thus  the  cartilages  which 
unite  the  ribs  to  the  breast-bone  are  often  found  to  possess  an 
almost  bony  hardness  in  persons  who  are  advanced  in  life,  although 
the  organic  structure  is  not  changed.  The  mineral  matter  of 
bones  consists  almost  entirely  of  two  compounds  of  lime;  the 
carbonate,  with  which  wo  are  familiar  in  the  form  of  limestone 
and  chalk ;  and  the  phosphate,  which  is  seldom  found  as  an  ingre- 
dient of  rocks  or  soils,  except  where  it  has  been  derived  horn 
animal  remains.  The  latter  greatly  predominates,  at  least  in  the 
bones  of  the  higher  animals.  We  may  easily  separate  the  animal 
and  the  mineral  portions  of  the  bony  tissue.  If  we  soak  a  small 
bone  for  some  time  in  muriatic  acid  (spirit  of  salt)  much  diluted 
with  water,  the  compounds  of  lime  are  entirely  removed  from  it, 
and  the  cartilaginous  substance  remains ;  the  latter  is  now  qnite 
flexible,  and  almost  transparent,  so  that  the  distribution  of  its 
vessels  (if  they  have  been  previously  injected  with  colouring 
matter)  may  be  distinctly  seen.  On  the  other  hand,  if  we  sub- 
ject a  bone  to  strong  heat,  the  animal  portion  will  be  burnt  out, 
and  the  earthy  matter  will  remain.     The  form  of  the  bone  will 


COMTBRSIOir   OF  CABTILAGB   INTO   BONE.  47 

be  still  retained ;  but  the  cohesioii  between  the  earthy  particles 
la  00  alighi,  that  the  least  touch  will  break  them  asunder.  Thus 
we  see  that  the  kardnet9  of  bone,  or  power  of  resisting  pressure, 
is  giren  hy  the  earthy  matter ;  whilst  its  ienaeUyy  or  power  of 
holding  together,  depends  upon  the  animal  portion.  The  amount 
of  mineral  matter  in  the  bones  increases  with  the  age ;  thus  in 
the  child  it  forms  about  half  the  weight  of  the  bone,  in  the  adult 
four-fifths,  and  in  the  old  person  seyen-eighths. 

50.  Of  the  conyerrion  of  cartilage  into  bone,  it  may  be  suffi- 
cient to  say,  that  the  Haycrsian  canals,  and  the  areolaa  of  the 
spongy  texture,  seem  to  be  formed  by  the  union  of  a  considerable 
number  of  cartilage-cells,  which  are  much  increased  in  number, 
and  become  arranged  in  rows  or  in  clusters.  By  their  union,  a 
tube  is  foimed  (in  the  same  manner  as  the  duet$,of  plants  origi- 
nate in  cells  which  break  down  into  one  another,  Yegbt.  Psrrs. 
f.  82,)  in  the  one  case ;  and  a  little  chamber  in  the  other.  These 
tubes  and  chambers  communicate  with  each  other,  and  with  the 
central  cavity ;  and  from  the  latter,  vesseis  are  prolonged  upon 
Uidr  lining  membrane,  from  which  the  bony  matter  is  deposited. 
The  peculiar  cayitiea  and  tubuli  of  bone  seem  to  be  spaces  left,  in 
which  this  deposit  is  not  laid  down. 

51.  The  oonyenion  of  cartilage  into  bone  is  going  on  for 
some  time  after  birth,  as  well  as  preyiously.  In  the  long  bones, 
it  oommences  at  seyeral  distinct  points,  being  those  near  which 
the  yessels  enter,  and  from  which  they  spread,  out  or  radiate. 
And  the  different  portions  fixBt  ossified  or  conyerted  into  bone, 
are  not  firmly  united  to  each  other  until  sometime  afterwards. 
It  is  curious  to  obserye  that,  in  Reptiles  and  Fishes,  many  parts 
whi<^  are  thus  united  in  the  higher  animals,  remain  permanently 
separate.  And  there  is  a  large  group  of  Fishes,  in  which  the 
skeleton  retains  the  cartilaginous  diaracter  throughout  life ;  a  cer- 
tain quantity  of  mineral  matter  being  deposited  in  the  cartilage, 
but  its  conyersion  into  bony  struotnie  neyer  taking  place.  In  a 
few,  not  even  a  firm  cartilage  is  produced;  and  all  the  trace  of 
a  skeleton  is  a  tube  surrounding  the  brain  and  spinal  marrow, 
(§.  64),  foimed  of  a  mass  of  hexagonal  edls,  resembling  those  of 
the  pith  of  plants.  Such  a  tube  precedes  the  formation  of  the 
system  of  bones,  which  takes  its  place  in  the  higher  animals. 
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52.  Tlie  various  tubes  and  vessels  through  which  blood  and 
other  fluids  are  conveyed,  have  their  origin  in  cells,  predsely  as 
they  have  in  plants.  In  the  lowest  animals  no  such  tubes  exist ; 
and  the  same  is  the  case  even  with  the  highest,  in  their  early 
condition.  For  these,  as  will  be  shown  hereafter  (Chap,  v.), 
consist  bnt  of  a  mass  of  cells,  of  which  some  afterwards  become 
cartilage,  some  are  converted  into  bone,  some  into  muscle,  and 
so  on ;  whilst  some  break  down  into  each  other,  so  as  to  form 
the  tubes  required  for  the  conveyance  of  fluids  from  one  part  of 
the  system  to  another,  just  as  they  are  in  plants.  Of  these  tubes 
some  are  straight  and  single,  like  the  ducts  in  which  the  sap 
ascends ;  whilst  others  form  a  network,  like  that  in  which  the 
elaborated  sap  circulates  in  plants  (Yeget.  Phys.  §.  87). 

53.  We  have  now  completed  our  general  survey  of  the  prin- 
cipal tissues  of  animab ;  excluding,  however,  the  nervous  and 
muscular,  which  depart  more  widely  from  the  characters  we 
have  been  considering,  and  which  it  will  be  preferable  to  describe 
when  treating  particidarly  of  their  functions  (Chaps,  x.  andxii.). 
The  mode  in  which  these  are  severally  formed  will  be  explained 
hereafter ;  and  at  present  it  will  be  enough  to  say  that,  as  every 
organised  being  has  its  allotted  term  of  life^  which  may  be  pro- 
longed or  shortened  to  a  certain  degree,  according  to  circum- 
stances, 80  every  portion  of  its  fabric  appears  destined  to  last 
only  for  a  certain  time,  and  to  cease  to  exist  as  soon  as  it  has 
performed  its  peculiar  office.  Thus  the  cells  which  float  sepa-- 
rately  in  the  blood  seem  to  be  continnally  undergoing  a  change, 
— dying,  and  giving  birth  to  others.  We  have  seen  that  the 
cells  of  the  epithelium  and  the  ^idermis  are  also  being  constantly 
thrown  oflF  and  renewed.  The  duration  of  the  cells  of  fat  and 
cartilage  appears  to  be  much  greater ;  in  finct,  we  have  no  precise 
knowledge  of  their  term  of  life.  But  that  of  the  muscular  and 
nervous  tissues  seems  to  depend  almost  entirely  on  the  use  that 
is  made  of  them.  When  an  animal  is  quite  inactive,  these 
require  but  very  little  nutrition ;  but  every  one  of  its  movements, 
in  which  a  certain  expenditure  of  muscular  and  nervous  power 
takes  place,  seems  to  involve  the  death  and  le-formation  of  a 
certain  portion  of  these  tissues ;  for  we  find  that  any  animal  in  a 
state  of  activity  requires  a  &r  greater  amount  of  food,  and  sets 
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firee  by  excretion  a  far  larger  quantity  of  dead  matter,  than  while 
it  18  continuing  in  a  state  of  rest.  Thus  it  is  that  Animals  expend 
so  large  an  amount  of  nutritive  matter,  not  in  the  extension  of 
their  own  structure  as  Vegetables  do,  but  in  the  performance  of 
those  moTcments  which  are  peculiar  to  themselves. 

54.  From  the  foregoing  statements  we  may  justly  say, — 
however  startling  the  assertion  may  seem, — that  death  and 
decay  are  continually  going  on  in  every  living  animal  body,  and 
are  essential  to  the  activity  of  its  functions.  Many  animals  are 
capable  of  being  reduced  to  a  state  of  complete  torpidity,  with- 
out the  loss  of  their  vitality ;  so  that  all  their  actions  are  renewed, 
when  they  are  again  placed  in  the  requisite  conditions.  Some 
are  reduced  to  this  state  by  cold ;  others  by  dryness.  Amongst 
the  most  remarkable  examples  of  this  are  the  Whed-Aninudculea 
(§.  117) ;  some  species  of  which  may  be  completely  dried  up, 
and  may  be  even  exposed  to  a  temperature  much  exceeding  that 
of  boiling  water,  without  losing  the  power  of  recovery  when 
again  moistened.  An  animal  in  this  state  strongly  resembles  a 
seed,  which  is  prevented  from  germinating,  by  being  kept  at  a 
moderate  temperature,  and  excluded  from  the  influence  of  air 
and  moisture.  (Yeobt.  Phys.  §.  446.)  Instances  have  been 
recorded,  in  which  seeds  have  been  thus  preserved  for  a  known 
period  of  more  than  2000  years ;  and  there  are  others  in  which 
the  period  was  probably  much  longer.  There  are  no  positive 
facts  which  enable  us  to  say,  how  long  an  animal  may  remain  in 
a  similar  condition;  but  it  is  well  known  that  revival  h%s  often 
taken  place,  after  the  body  has  been  froasen  or  dried  up  for  several 
years ;  and  there  seems  no  reason  why  it  should  not  occur  after 
many  times  that  period.  It  is  to  be  remembered  that  this  is  a 
condition,  in  which  the  decay  of  even  dead  animal  matter  is 
Ksisted.  Frozen  animab  are  brought .  from  the  remotest  parts 
of  tbe  Russian  empire,  to  be  sold  as  food  in  the  markets  of 
Petersburgh ;  and  their  flesh,  when  thawed,  is  as  good  as  ever. 
Again,  meat,  dried  and  pounded,  forms  the  staple  food  of  the 
North  American  hunters,  by  whom  it  is  kept  for  weeks  or 
months  without  change.  Even  in  the  moist  state,  animal  and 
vegetable  substances  may  be  perfectly  preserved  for  years,  if 
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they  are  completely  excluded  from  the  air.  This  is  the  plan 
now  adopted  in  victualling  ships  for  long  voyages.  The  sub- 
stances, partially  cooked,  are  put  into  tin  vessels;  these  are 
completely  filled  with  gravy,  &c.;  and  they  are  soldered  down 
whilst  the  contents  are  hot.  Thus  we  see  that  the  decomposi- 
tion of  the  animal  body  is  not  a  necessary  consequence  of  its 
death ;  whilst  it  is  in  fact  continually  going  on  during  its  life. 

55.  In  what  then,  it  may  be  asked,  does  the  peculiar  condi> 
tion  of  a  living  body,  as  distinguished  from  a  dead  one,  consist  ? 
To  answer  this  question,  it  is  necessary  to  consider  the  body  as 
a  whoUy  and  as  made  lip  of  several  parU.  E^h  of  these  parts  has 
its  own  independent  vitality ;  that  is,  it  has  its  own  peculiar 
properties,  which  depend  upon  the  mode  in  which  its  elements 
are  combined  and  arranged  (Veoet.  Phts.  §.  8)  ;  and  these  it 
will  continue  to  exercise,  as  long  as  it  is  supplied  with  the  neoeft- 
sary  conditions.  Thus  the  secreting  cells  of  the  epithelium 
require  a  supply  of  blood,  both  for  their  own  growth,  and  for 
the  formation  of  their  peculiar  products.  The  muscular  tissue 
cannot  act  without  a  supply  of  oxygen,  and  this  is  conveyed  to 
it  by  the  blood.  All  the  tissues  possessing  peculiar  vital  pro- 
perties, are  in  like  manner  dependent  upon  the  blood  or  nutntive 
fluid  for  the  continued  exercise  of  these.  But  after  the  circula- 
tion of  the  blood  has  ceased,  so  that  the  body  is  commonly  said 
to  be  d$ad^  its  parti  may  remain  alive  for  a  certain  time,  and 
may  perform  their  functions,  so  long  as  they  are  supplied  with 
the  necessary  materials.  Thus,  various  secretions,  the  growth 
of  hair,  and  muscular  movements,  have  been  observed  to 
take  place  in  dead  bodies.  But  they  cannot  continue,  because 
the  necessary  conditions  are  withheld  by  the  stoppage  of  the  cir- 
culation,— a  frmction  which  thus  binds,  as  it  were,  into  one 
whole,  the  scattered  elements,  and  causes  the  different  operations 
to  minister  to  one  another. 

56.  The  death  of  the  body,  therefore,  is  said  to  take  place 
when  its  circulation  permanently  ceases  ;  since  on  this  circulation 
all  its  functions  depend.  But,  as  we  have  just  seen,  the  separate 
parts  may  retain  their  vitality  for  some  time  longer, — some  of 
them,  indeed,  until  they  are  actually  beginning  to  become  putrid. 
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And,  on  the  other  hand,  the  circulation  may  cease  for  a  iifMy  as 
in  fainting  or  temporary  suffocation  among  the  higher  animals, 
or  in  torpidity  among  the  lower.  The  time  is  short,  however, 
during  which  it  can  he  thus  suspended  among  warm-hlooded 
animals ;  because  their  tissues  very  soon  begin  to  undergo  a 
destructive  change.  And  the  reason  why  it  may  be  almost  in- 
definitely prolonged,  in  those  animals  which  can  submit  to  being 
firoxen  or  dried  up,  appears  to  be  dmply  thi8,-»that  this  treat- 
ment prevents  that  destructive  change  from  taking  place. 

57.  Hence,  lift  is  not  (as  has  sometimes  been  asserted),  the 
condition  in  which  decay  is  resisted ;  but  the  condition  in  which, 
by  the  wonderful  adaptation  and  mutual  harmony  of  the  opera- 
tions of  the  different  parts, — a  harmony  which  amid  only  proceed 
from  the  mind  of  an  All-powerful  and  All-wise  Being, — they 
are  all  made  to  unite  to  one  common  end,  the  maintenance  of 
the  structure  in  a  condition  fit  for  the  performance  of  its  proper 
actions.  So  long  as  all  these  actions  go  on  with  regularity  and 
completeness,  so  long  the  whole  body  lives ;  but  if  any  one  of 
the  more  important  among  them  be  interrupted,  the  stoppage  of 
the  whole  must  be  the  result.  If  we  could  imagine  a  steam- 
engine  capable  not  only  of  constantly  suppl3ring  itself  with  water 
and  fuel,  but  also  of  repsuring  its  own  wear  and  tear  of  mate- 
rialsy  we  should  have  some  notion,  by  analogy,  of  what  may  be 
termed  the  physieai  functions  of  the  animal  body.  But  it  must 
be  borne  in  mind,  that  the  body  which  these  functions  are 
destined  to  maintain,  is  but  the  instrument,  in  Animals,  of  a 
higher  set  of  operations,  those  of  the  mind;  to  which  no  actions 
poformed  by  any  piece  of  mechanism  constructed  by  Man,  or 
even  by  those  most  refined  and  beautiful  fabrics  of  which  the 
Vegetable  kingdom  is  composed,  bear  the  slightest  resemblance. 
Of  the  mode  in  which  the  mind  is  connected  with  the  hody^  and 
uses  it  as  its  instrument,  we  have  not,  and  probably  never 
^11  possess  in  our  present  state  of  being,  the  most  distant  idea. 


r.9. 


CHAPTER   II. 

GENERAL  VIEW  OF  THE  ANLMAL  KINGDOM. 

59.  When  we  examine  tbe  Animal  Kingdom  as  a  whole,  it  is 
easy  to  distinguish  in  it  four  general  plans  or  type9  of  structure, 
by  which)  with  almost  infinite  variations  in  detail,  the  formation 
of  the  several  beings  that  compose  it  has  been  guided.  As  speci- 
mens of  these  four  plans  or  types,  we  may  name  four  animals 
which  are  familiar  to  almost  every  one, — the  Dog,  the  Lobster, 
the  Slug,  and  the  Star-fish. 

60.  The  differences  by  which  these  types  are  distinguished, 
are  manifested  in  the  arrangement  of  the  different  organs  of  tbe 
body ;  and  particularly  in  the  form  of  the  nervous  system  and 
its  instruments.  It  has  been  already  stated  (§.  4)  that  tbe 
power  of  feding^  and  of  ipontaneow  motion^  is  that  which  pecu- 
liarly distinguishes  the  Animal  from  the  Plant ;  and  as  these 
powers  are  possessed  in  very  different  degrees^  and  exercised  in 
very  different  modes,  by  the  various  tribes  of  animals, — whilst 
the  operations  of  nutrition  are  performed,  as  in  plants,  in  a  much 
more  uniform  manner, — they  afford  us  a  satisfactory  means  of 
separating  these  tribes  from  one  another.  For  the  nervous 
system  is  the  organ  to  which  these  powers  are  due ;  and  we  find 
it  presenting  forms  so  different,  in  the  four  great  divisions  already 
alluded  to,  that  we  can  at  once  distinguish  them  by  this  alone, 
even  where  (as  sometimes  happens)  there  may  be  such  a  blend- 
ing, in  a  particular  animal,  of  the  gmeral  characters  of  two  of 
them,  as  to  lead  us  to  hesitate  in  assigning  its  place  in  the  ani- 
mal kingdom. 

61.  But  it  is  not  only  in  the  form  and  arrangement  of  the 
parts  of  the  nervous  system,  that  we  find  such  important  dif- 
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ferences ;  for  there  are  other  organs  connected  with  the  powers 
of  sensation  and  motion,  the  arrangement  of  which  also  exhibits 
corresponding  yariations.  Thus  the  power  of  motion  is  de- 
pendent upon  the  muiclegy  which  are  called  into  action  by  the 
nervous  system;  and  these  cannot  act  with  any  foree,  unless 
they  are  attached  to  hard  parts,  connected  together  by  joints,  so 
as  to  form  a  skeleton.  Now  this  skeleton  sometimes  consists  of 
doftdt,  which  are  clothed  by  the  muscles,  as  in  the  dog.  Some- 
times it  consists  of  a  jointed  sheUy  enclosing  the  muscles,  as  in 
the  lobster.  And  sometimes  it  is  altogether  absent ;  and  the 
muscles,  having  no  firm  points  of  attachment,  act  slowly  and 
with  little  power,  as  in  the  slug.  In  regard  to  the  arrangement 
of  the  organs  of  special  sense,  also, — those  of  sight,  hearing, 
smell,  and  taste, — there  is  a  corresponding  variation.  In  the 
dog  and  the  lobster,  they  are  set  upon  a  prominent  part  of  the 
body,  in  the  neighbourhood  of  the  mouth  ;  and  this  is  termed  the 
head.  In  the  slug,  too,  this  is  also  the  case ;  but  in  the  oyster, 
an  animal  of  lower  organisation,  belonging  to  the  same  division, 
there  is  no  head,  and  the  few  organs  of  sense  which  it  possesses 
are  almost  buried  (as  it  were)  in  the  mass  of  the  body.  Lastly, 
in  the  star-fish,  there  is  a  similar  absence  of  anything  resembling 
a  head ;  the  mouth  is  in  the  centre  of  the  body ;  and  the  eyes 
are  placed  at  the  greatest  possible  distance  from  it,  one  at  the 
extremity  of  each  ray. 

62.  The  highest  of  these  four  divisions  is  that  denominated 
Yertebrata,  or  VertebraUd  Animals  ;  it  receives  its  name  from 
the  structure  characteristic  of  it, — the  possession  of  a  jointed 
back-bone, — which  will  be  presently  described.  This  is  the 
group  to  which  Man  belongs ;  and  all  the  animals  it  contains 
bear  a  greater  or  less  resemblance  to  him  in  structure.  We 
notice  in  regard  to  their  external  form,  that  they  are  all  alike 
on  the  two  sides  of  their  body ;  every  part  having  its  fellow  on 
the  other  side.  Tliis  sjrmmetry  extends  to  the  arrangement  of 
those  internal  parts,  which  are  connected  with  the  functions  of 
animal  life;  namely,  the  nervous  system,  the  organs  of  sense, 
and  the  muscular  apparatus.     But  it  does  not  extend  to  the 
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organs  of  nutrition,  which  ore  unequally  disposed  on  the  two 
ndea :  thus,  the  heart  and  atomach  are  on  the  left  side,  the  liver 
on  the  right,  and  the  lungs  much  larger  on  the  right  side  than 
on  the  left. 

63.     In  all  Tertebrated  animals,  the  skeleton  is  internal ;  and 
con^ts  of  bonei,  which  are  capahle  of  growing,  and  of  being 
reproduced  after  injury,  like  any  other  part  of  the  living  tissue  ; 
being  copiously  supplied  with  blood-vessels,  which  penetrate 
into  their  interior.     These  bones  give  support,  and  afford  points 
of  attachment,  to  the  soft  parts,  in  the  limbs  (where  they  exist) 
SB  well  as  in  the  tnink  ;  but  the  former  are  not  unfrequently 
wanting,  as  in  Ser- 
pents ;  and  we  must 
look  in  the  trunk, 
therefore,  for  that 
peculiar     arrange- 
ment,    which     is 
characteristic       of 
this  division  of  the 
Animal  Kingdom. 
The  back-bone,  aa 
it     is     commonly 
termed,  is  found  io 
all        Vertebrated 
animals ;  though  in 
a  few  among  them 
(the  lowest  fishes) 
it  isvery  imperfect. 
It  consists  of  seve- 
ral pieces  jointed 
together,  so  as  to 

F».  4.-8..1™.  or  «..  Om™.  ^^^^^^  g^j  g^^_ 

ibility  ;  whilst  they  are  so  firmly  connected  by  ligaments,  that 
they  cannot  easily  be  torn  asunder  or  displaced.  The  number 
of  these  pieces  varies  considerably ;  in  Man  there  ate  only  33  ; 
but  in  many  Serpents  there  are  several  hundred.    Each  of  them 
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IB  termed  a  vertdfra;  and  the  whole  structure,  composed  of  the 
QDited  TertebrBB,  is  termed  the  vertebral  column  (Fig.  5.) 

64.  The  essential  character  of  the  Yertebrse  is, 
that  each  is  perforated  by  an  aperture,  which,  united 
to  the  corresponding  apertures  of  those  aboye  and 
below  it,  forms  a  continuous  canal ;  and  in  this 
canal,  one  of  the  most  important  parts  of  the  nervous 
system, — ^the  spinal  cord  (commonly  but  errone- 
ously termed  the  spinal  marrow  *) — is  contained. 
The  solid  portion  of  the  vertebra  (Fig.  6,  a),  is  termed 
its  ho^  ;  and  the  projections,  h  and  c,  are  termed  its 
procetsesj  the  former  tpinota,  the  latter  trannerse. 
The  row  of  spinous  processes  forms  the  ridge  which 
we  feel  passing  down  the  back ;  it  is  seen  on  the 
riffht  hand  aide  of  Fis.  5.  To  the  transverse  pro- 
oeflses  the  ribs  are  attached.  The  vertebral  column  brax.  column. 
18  expanded  (as  it  were)  at  its  upper  extremity,  to  form  the 
fll^nll ;  in  the  laxge  cavity  which  it  contains,  the  brain  is  lodged  ; 
aad  its  bones  are  so  arranged,  as  to  give  protection  to  the  organs 

^  of  sense  also.  At  the  opposite  extremity,  we  see 
it  contracted  into  the  tail ;  which  is  composed  of  a 
series  of  vertebrae  resembling  those  of  the  back,  but 
simpler  in  their  form,  and  not  possessing  a  cavity  for 
the  spinal  cord.  We  commonly  find  that,  in  those 
A—SuroLM  *^i™*^  ^^  which  the  skull  is  very  large,  the  tail  is 
VBBTBBBiL  short ;  and  that,  where  the  tail  is  very  long  or 
powerful,  the  head  is  small.  Thus  in  man,  and  in  the  apes,  the 
head  is  large,  and  there  is  no  external  appearance  of  a  tail ;  but 
there  are  some  very  imperfect  vertebrae  at  the  lower  end  of  the 
spinal  column,  which  constitute  the  rudiment  of  it.  In  the 
long-tailed  monkeys,  and  in  the  kangaroo  (whose  tail  is  like  a 
third  hind-leg)  the  head  is  comparatively  small.  But  this  rule 
does  not  hold  good  universally. 

65.  The  nervous  system  of  Yertebrated  animals  consists  of  a 
brain  and  epinal  cordy  which  are  lodged  within  the  skull  and 

•  Tbe  marrow  of  bones  in  general,  ii  an  oilj  matter,  which  leems  to  eontri- 
bvta  to  their  nouriihinent.     The  ipinal  marrow  ii  a  part  of  the  nervous  system. 
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vertebral  column  ;  and  of  uervoiu  tronks  proceeding  from  these, 
which  are  dietnbnted  to  all  parts  of  the 
body.  The  brain  and  spinal  cord  are  termed 
the  turvout  emtret ;  einoe  it  ia  in  them  that 
the  power  of  this  Byalem  resides ;  the  tmnka 
or  cords  being  only  conductors  of  its  infla- 
enoe.  The  distinguishing  feature  of  this 
system  in  Vertebrsta  is,  that  its  several 
centres  are  thus  united  into  one  large  mass, 
instead  of  forming  a  number  of  separate 
small  masses  or  gaf^lia,  as  we  shall  find 
that  they  do  in  the  lower  clasaee  of  ani- 
mals :  and  that  it  is  enclosed  in  the  bony 
casing,  which  has  been  described  as  pecu- 
liarly destined  for  its  protection,  instead  of 
being  enveloped  with  all  the  other  organs, 
in  a  hard  coveting,  as  in  the  lobster ;  or  of 
being  entirely  destitute  of  protection,  as  io 
the  slug.  That  it  should  receive  this  pecu- 
liar protection  is  quite  necessary,  in  conse- 
quence of  tbe  much  higher  development 
which  it  attains,  and  the  much  greater 
importance  which  it  possesses,  in  this  divi- 
»on  of  the  animal  kingdom,  than  in  any 

66.     The  general  arrangement  of  tlie 
I'  other  organs   in  Vertebrated  animals,  is 

Fio  7— BKim  iHD  SHi.iL  shown  in  the  succeeding  page  (Fig,  8).  At 
Co»B  OF  Man.  f^  jg  ge^n  the  mouth,  forming  the  entrance 

to  the  digestive  cavity,  of  which  the  termination  is  at  the  oppo- 
site extremity  of  tbe  body  ;  t,  i,  is  the  intestinal  canal,  and  I,  the 
liver  :  these  organs  occupy  the  part  of  the  body  which  is  called 
the  obAimen  or  belly.  The  month  also  opens,  however,  into  the 
windpipe  or  trachea,  (,  which  conducts  axt  into  the  lungs,  ^  y 
these  organs,  with  the  heart,  h,  aro  contained  in  the  portion  of 
the  trunk  called  the  thorax,  or  chest.  At  b  is  seen  the  poeitioa 
of  the  brun ;  and  at  *  that  of  tlie  spinal  cord. 
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67.    The  foregoiiig  characters  apply,  with  greater  or  less  modi- 
ficatioii  as  to  details,  to  the  classes  of  Mammalia  (commonly 

b  t  I 


termed  Qoadrnpeds),  Birdt^  ReptUes,  and  FUhes  ;  and  these  fur- 
ther agree  in  the  following  points,  all  of  which,  therefore,  enter 
into  onr  idea  of  a  Yertehrated  animal.  The  number  of  limbs  or 
members  nerer  exceeds/<n<r  ;  and  of  these,  two,  or  eyen  all  four, 
may  be  absent.  In  all  the  classes  just  named,  four  is  the  general 
number ;  and  the  absence  of  two  or  more  is  the  exception.  Thus 
in  Mammalia,  we  find  all  four  present  in  every  tribe  save  that  of 
Whales,  which  want  the  hinder  pair ;  though  the  upper  or  ante- 
rior pair  may  take  the  form  of  arms,  wings,  legs,  or  fins,  accord- 
ing to  the  element  which  the  animal  is  formed  to  inhabit.  In 
Birds  we  find  the  posterior  pair  invariably  present,  in  the  form 
of  legs ;  whilst  the  anterior  pair,  though  almost  always  developed 
into  wings,  is  absent  in  a  few  instances.  In  Reptiles  we  find 
considerable  variety :  all  four  members  are  present  in  the  Turtle 
tribe,  and  in  most  Lizards,  as  well  as  in  the  Frog  tribe  ;  but  they 
m  entirely  absent  in  the  whole  tribe  of  Serpents ;  and  there  are 
Lizards  which  have  only  one  pair.  And  in  Fishes,  we  usually 
find  two  pair,  constituting  the  pectoral  and  ventral  fins ;  but  one 
or  both  pairs  are  sometimes  absent,  as  in  the  E^l,  Lamprey,  &c. 
68.  We  have  further  to  remark,  in  regard  to  the  general 
chtracters  of  Yertehrated  animals,  that  they  have  all  red  blood 
(§.  226) ;  and  that  they  possess  a  complex  apparatus  for  circu- 
Isting  this  through  the  body.  Lastly,  in  all  but  the  very  lowest, 
^1  five  kinds  of  sensation  exist ; — ^namely,  sight,  hearing,  smell, 
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tMte,  and  tonch.  We  find  in  tbu  group  more  inUUigmice  than 
in  any  other  ;  that  is  to  say,  the  animals  composing  it  act  more 
with  a  designed  adaptation  of  means  to  ends;  instead  of  being 
impelled  by  instinct  to  perform  actions,  of  whose  objects  they  are 
not  aware.  And  we  find,  by  obserring  and  comparing  the 
structure  and  actions  of  the  different  groups,  that  the  intelli- 
gence gains  upon  the  instinct,  aa  we  ascend  from  the  lowest 
fishes  towards  man,  in  whom  the  intelligence  is  at  its  highest : 
whilst  we  observe  a  similar  increase  in  the  proportion,  which  the 
brun  bears  to  the  rest  of  the  nervous  system.  Hence  we  con- 
clude, that  the  brain  is  the  organ  of  inttlli^enee,  or  of  the 
reasonii^  faeultiet, 

69,  All  the  animals  which  are  destitute  of  a  vertebral  column, 
are  called  Inverlebrata ;  and  this  diviuon  into  the  vertebrated 
.^^  -TjTi-  BJ>d  invertebrated  groups,  was  formerly  regarded 
I'^T^ii^j^  as  the  first  step  in  the  classification  of  the  animal 
^''i^*' >,  kingdom.  But  it  was  pointed  out  by  Cnvier,  that 
^^^^.-  in  the  iavertebrated  division  are  comprehended 
.'^  Jfe^r^  three  groups,  of  which  the  members  differ  as  mnch 
^^^r^^  from  one  another,  as  they  do  from  vertebrated  aoi- 
'^•q^  mals;  and  that  each  of  these  ought,  therefore,  to 
I  rank  with  the  first,  as  a  primary  divinon.  This  is 
'  evident  to  those,  who  are  bat  slightly  acquainted 
with  the  structure  of  the  animals  already  named 
({{.  59)  as  characteristic  specimens  of  these  diviaiona ; 
I  and  it  will  become  more  apparent  bs  we  proceed. 

70.    In  the  second  division,  that  of  AsTictrLATa, 
^  or  Articulated  (jointedj  animals,  we  find  a  oonfor- 
raation  very  different  from  that  which  has  been  jost 
'    deBoribed.     The  exterior  of  the  body  is  still  per- 
fectly symmetrical,  as  in  the  vertebrata :  and  tba 
interior  is  even  more  S3mimetrioal ;  for  the  organs 
that  represent  the  heart  and  lungs  are  equally  dia- 
'    posed  on  tiie  two  ndes  of  the  central  line  of  tha 
body.     But  the  skeleton,  instead  of  being  internal, 
is  external ;  and  is  composed  of  a  series  of  pieces 
jointed  together,  which  form  ft  canng  that  inclades  the  whole 
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body.  In  general,  these  pieces  are  Tery  rimilar  to  each  other  ; 
M  that  the  whole  body  appeara  like  the  repetition  of  a  number  of 
nmilai  parte,  aa  we  see  in  the  Centipede  (Fig.  9).  The  limbs  are 
nsnallr  very  nnmerona,  where  they  exist  at  all ;  and  they  have  a 
jointed  coTcring,  like  that  of  the  body.  But  in  the  lower  tribes  of 
this  group,  sDch  as  Leeches  and  Worms,  the  limbs  or  members 
are  but  slightly  developed,  or  are  altogether  absent ;  and  in  the 
highest,  which  approach  most  nearly  to  the  Tertebrata  in  their 
general  organisation,  the  number  of  members  is  much  reduced, 
— although  it  is  never  less  than  uz.  The  hard  matter  of 
which  the  external  skeleton  is  composed,  nndei^oes  little  or 
no  change  when  it  is  once  fully  formed ;  and,  in  order  to 
accommodate  it  to  the  increasing  size  of  the  animal,  this  cover- 
ing is  thrown  off  and  renewed  at  internals. 

71.  The  nervons  system  consists  of  a  series  of  small  masses  or 
gangUa,  which  are  arranged  in  a  cord  or  chain  along  the  central 
line  of  the  body.     There  is  nsnally  a 

large  ganglion  in  the  head,  bearing  a 
resemblanoe  (in  its  peculiar  connection 
with  the  eyes)  to  a  certun  part  of  the 
brain  of  Tertebrata ;  and  there  is  com- 
monly one  for  each  segment  or  diviaon 
of  the  body,  irom  which  the  nerves 
pass  to  snpply  its  muscles,  as  they  do 
from  the  spinal  cord  of  Vertebrata.  The 
cord  which  connects  these  ganglia  is 
double  ;  and  the  ganglia  themselves  are 
composed  of  two  halves  which  have 

Uttle  connection  with  each  other.     The    Fia.  lo— Humnu  SmmH  or 
ehun    thus  formed,    passes  along  the  ihIhikt. 

nnder  nde  of  the  trunk  of  the  animal  (as  seen  at^.  Fig.  11),  not 
OB  what  seems  its  back  ;  and  it  is  by  the  presence  of  this  double 
diMn  of  ganglia  that  an  Articulated  animal  may  be  dittingnished, 
even  when,  in  its  general  stnictnre,  it  should  seem  to  belong  to 
the  gnmp  of  Hollusca  (see  §.  113). 

72.  The  general  aitasgement  of  the  organs  in  the  Articulata 


r 
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is  shown  in  the  accompanying  figure  of  a  cray-fish.    The  mouth, 

9   f  \       i  situated  on  a  projecting  head, 

opens  into  #,  the  stomach, 
from  which  passes  backwards 
,tbe  intestinal  tube,  t,  t,  to 
terminate  at  the  opposite  ex- 
tremity of  the  body.  The 
c  g  upper  part  of  the  tube  is 

Fio.n.-DuoRAMSHovnifOTHBFouTioNorTHK  surToundcd  by  the  liver,  J\ 
pwHciPAL  oroaks  in  th<  AnTicui^TA.       yf\aQ\^  ig  horc  vcry  large.    In 

the  head  are  seen  the  ganglia,  e  ;  and  along  the  under  side  of  the 
body  is  seen  the  chain  of  ganglia,  g.  The  organs  which  answer 
to  the  lungs  of  Yertebrata  are  not  connected  with  the  mouth ; 
and  are  not  usually  restricted  to  one  part  of  the  body,  but  are 
diffused  either  on  its  outside,  or  through  its  substance.  The 
organs  of  sense,  in  this  group,  are  less  numerous  than  in  Yerte- 
brata, and  are  inferior  in  perfection.  The  blood  is  nearly  colour- 
less ;  and  the  heart,  A,  by  which  it  is  impelled  through  the  body, 
is  much  less  energetic.  Yet  we  find  that  the  muscular  power  is 
very  great ;  for  the  animals  of  this  group,  taken  as  a  whole,  can 
move  fiwter  in  proportion  to  their  size,  and  possess  greater 
strength,  than  those  of  any  other.  We  observe,  too,  that  with 
little  or  no  intelligence,  they  are  prompted  to  the  most  remark- 
able actions  by  instinct  alone.  They  seem  to  act  like  machines, 
doing  as  they  are  prompted,  without  choice,  or  knowledge  of  the 
end  to  be  gained ;  and  consequently  the  different  individuals  of 
the  same  species  have  not  that  difference  of  capacity  and  of  dis- 
position, which  we  see  in  animals  whose  endowments  are  higher. 
73.  The  general  character  of  the  animals  composing  the 
group  or  division  Mollusca,  is,  in  many  respects,  the  very  op- 
posite of  that  which  belongs  to  the  articulated  animals.  The 
body  is  soft  (whence  the  name  of  the  group  is  derived),  neither 
possessing  an  internal  skeleton,  nor  any  proper  external  skeleton. 
In  some  of  the  most  characteristic  specimens  of  the  group,  such 
as  the  slug,  there  is  no  hard  frame- work  or  skeleton ;  and  thus 
the  body  is  alike  destitute  of  support  and  protection.     In  many 
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moIloBcfl,  howoTer,  the  body  haa  the  power  of  forming  a  shelly 
coTeriag,  which  serves  for  its  protection  ;  but  this  does  not  give 
my  assistance  in  its  moTements,  by  affording  fixed  points  for  the 
Attachment  of  the  muectea;  in  fAct,  when  the  animal  puts  itself  in 
motion,  it  is  oblige d  to  make  its  locomotive  organs  project  beyond 
the    shell    (Fig. 
12).  ■Wemuatnot 
regard  the  shell 
as    an    essential 
part  of  the  Mol- 
loscoos    animal ; 
because  there  are 
maoy  tribes  en- 
tirely    destitute 
of  it ;    and   also 
because  some  of 

the      Articulata  "^     "  '"""^''' 

have  the  power  of  forming  a  shell,  which  bears  a  close  resem~ 
blaoce  to  that  produced  by  the  animals  of  this  groap.  Not  un- 
lireqaently  we  see  that,  of  two  animals  whose  general  structure 
u  almost  exactly  the  same — as  that  of  the  snail  and  slug,  one 
possesses  a  shell,  into  which  it  can  withdraw  its  whole  body  for 
the  sake  of  pro- 
tection, whilst 
the  other  has 
none ;  and  that 
seTeral  inter- 
mediate forms 
exist,  in  which 
"°"""'''"'  the  shell  bears 

a  larger  or  smaller  proportion  to  the  body,  sometimes  being  able 
to  contaiD  nearly  the  whole  of  it,  and  sometimes  being  a  niero 
rudiment,  as  in  the  Testacella  (Fig.  13). 

74.  The  external  form  of  the  body  of  the  MoUusca  is  subject 
to  great  Tariation ;  and  generally  has  a  good  deal  to  do  with  the 
degree  in  which  the  organs  of  sense  and  the  instruments  of 
motion  are  developed  in  the  particular  animal.     For  iiet»  are 
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almost  always  symmetrical,  being  arranged  with  equality  on  the 
two  sides  of  a  middle  line ;  whilst  the  rest  of  the  body,  con- 
taining the  organs  of  nutrition,  is  often  unequal  on  the  two  sides. 
This  is  the  case,  for  instance,  with  the  LymruBm  (Fig.  12),  which 
is  represented  in  the  act  of  crawling  on  its  large  fleshy  disc  or 
foot,  with  its  head,  bearing  its  eyes  and  feelers,  projected  for- 
wards.—But  in  the  lower  MoUusca,  which  have  little  or  no 
power  of  moving  from  place  to  place,  this  regularity  of  arrange- 
ment is  altogether  lost. 

75.  Few  of  the  Mollusca  have  any  powers  of  active  move- 
ment; in  fact,  the  term  tluggishnen^  derived  from  a  characteristic 
member  of  the  group,  very  well  expresses  their  general  habit. 
They  usually  crawl  upon  a  fleshy  disc,  by  the  successive  con- 
tractions and  relaxations  of  which,  they  advance  slowly  along 
the  surface  over  which  they  move ;  this  kind  of  action  is  easily 
studied,  by  causing  a  snail  or  slug  to  crawl  upon  a  piece  of  glass, 
and  by  looking  through  this  at  the  under  side  of  its  foot.  Hence, 
there  is  a  great  contrast  between  the  inertness  of  the  Molluscs, 
and  the  high  activity  of  the  Articulata.  This  contrast  shows 
itself  in  the  structure  of  their  bodies ;  for  whilst  the  chief  part  of 
the  interior  of  an  insect  is  made  up  of  the  muscles  which  move 
its  legs  and  wings,  the  apparatus  of  nutrition  being  small, — 
the  chief  part  of  the  bulk  of  a  slug  or  snail  is  given  by  its  very 
complex  apparatus  for  nutrition,  there  being  no  other  muscles 
(except  some  small  ones  connected  with  the  mouth  and  head) 
than  the  fleshy  disc  already  mentioned. 

76.  The  accompanying  figure  of  the  interior  of  a  Snail  will 
show  the  very  large  size  of  the  digestive  apparatus,  and  of  the  other 
organs  of  nutrition.  The  muscular  disc  or  foot  is  seen  at//  and 
at  the  extremity  of  this  are  seen  the  tentacula  or  feelers,  t  (com- 
monly termed  horns),  half  contracted.  The  mouth,  situated  in 
the  neighbourhood  of  these,  opens  into  a  tube  that  leads  to  the 
stomach,  of  which  a  portion  is  seen  at  $  ;  and  from  this  cavity  pro- 
ceeds the  intestine,  t,  which  passes  forwards  again  as  seen  at  r,  to 
terminate  at  a.  This  termination  of  the  intestine  near  the  mouth 
is  very  frequent  in  Mollasca;  and  is  obviously  necessary,  when  the 
body  is  enclosed  in  a  shell  that  has  only  one  outlet.    The  liver,  /., 
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M  A  Tcry  l&rge  nuss,  BnTTounding  the  stomach  and  intestine. 
The  be»rt  is  seen  »    •      up  p  t 

tXh;  &nd  from  it 
it  seen  to  proceed 

a  large  Tessel,  d  p,     '    -  „ 

that  ramifies  up- 
on the  walla  of  a 
cavity,   p,    which 

answers     to     the  ^^   _'  -« 

longs     of    higher 

animab;   thie  ca-     „  i 

rity  is  separated 
from  the  other 
orgxna  by  a  kind 

of   diaphragm    or  •         i  / 

partition,  d,  which  '"'  '*■"*""■"" "'  ™"  ^"^'^ 

is  here  turned  to  one  aide.  At  ar  ia  shown  the  artery  which 
proceeds  from  the  heart,  to  convey  blood  to  the  general  system. 
At  o  ia  seen  the  ovarinm,  in  which  the  eggs  are  formed  ;  this 
ocupes  the  highest  part  of  the  shell ;  bnt  it  has  a  canal  which 
terminates  near  that  of  the  intestine.  And  lastly,  at  e  ia  pointed 
out  a  gland  that  secretes  the  viacons  or  alimy  fluid,  with  which 
the  body  of  the  animal  is  covered ;  and  this  is  carried  out  by 
the  cKnal  ev. 

77.  Thus  it  is  seen  that, — whilst  the  body  of  an  Articulated 
mwifwi^l  may  be  compared  to  that  of  a  man,  in  whom  the  appa- 
ratus of  nutrition  (contained  in  the  chest  and  abdomen)  is  of  tlie 
■malleBt  posuble  size,  but  whose  limbs  are  strong,  and  his  move- 
ments agile, — the  body  of  a  Mollusc  resembles  that  of  a  man 
'  whose  god  ia  his  belly.'  his  digestiye  apparatus  becoming  enor- 
mously developed,  whilst  hia  limbs  are  feeble,  and  his  movements 
heavy.  Such  varieties,  in  a  greater  or  less  degree,  are  contitin- 
ally  presentiiig  themselves  to  onr  notice. 

78.  He  aerroaa  ayatem  of  the  Mollusca  generally  conatsts  of 
a  single  gwiglion  or  pur  of  ganglia,  which  are  placed  in  the  head, 
or  (when  that  is  deficient)  in  the  neighbourhood  of  the  mouth  ; 
and  of  two  or  more  separate  ganglia,  which  are  found  in  difierent 
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pttrta  of  the  body,  and  are  connected  with  the  preceding  by 
nervoQS  cords.      The  former  coireBpond  to  those  contuned  in 
the  head  of  iiuecta ;  but  oi  the  latter,  one  onlf  b  connected  with 
the  foot  or  organ  of  motion,  the  remainder  having  for  their 
function  to  regulate  the  action  of  the  gills,  and  to  perform  other 
moTsments  connected  with  the  operations  of  nutrition.      In 
Fig.  15  is  represented  one  of  the  simpler  forms  of  this  nervous 
syBtem, — that  of  the  Pecten  or  Bcal- 
lop-shell;  A  A  are  the  ganglia  near 
the  mouth,  from  which  the  organs 
of  sense  are  supplied;    B  is  the 
ganglia  connected  with   the  gills; 
and  C  is  that  from  which  power  is 
giren  to  the  foot.    The  two  first  lie 
wide  apart,  but  are  connected  by 
an  aiched  band  that  paases  orer 
the  gullet,  e.      The  organs  of  sense 
among  the  MolluBca  are  but  little 
more  developed  than  those  of  ino~ 
Fw.  IS.— Knniua  Bimui  o»      tion.       They   servo   to  direct  the 
animal  to  its  food,  and  to  warn  it 
of  danger ;  but  there  seems  an  absence,  in  all  but  the  highest 
species,  of  that  ready  and  acute  sensibility  which  is  so  remark- 
able in  the  preceding  groups;  and  the  yariety  of  impressions 
which  they  can  receive  appears  to  be  hut  small.     In  no  instance 
has  a  special  organ  of  smell  been  certainly  discovered ;  the  organ 
of  hearing  is  always  imperfect,  and  frequently  absent  altogether ; 
and  the  eyes  are  very  often  wanting ;  so  that  touch  and  taste 
(which  is  but  a  refined  kind  of  touch)  are  the  only  senses  left. 
— The  blood  of  the  Mollusca  is  white,  as  it  is  in  the  Articnlata  ; 
bnt  the  apparatus  by  which  it  is  circulated  through  tiie  body  is 
much  more  powerful  and  complete. 

79.  The  fonrth  and  last  subdivision,  that  of  Radiate 
includes  those  animals  which  have  the  parts  of  the  body  arranged 
in  a  circular  manner  around  a  common  centre,  so  as  to  present  » 
radiated  or  rayed  aspect.  This  arrangement  is  well  seen  in  the 
common  Star-fish,  which  has  fire  such  rays,  all  having  a  pre- 
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aadj  BimiUr  strncture,  and  thoa  r^ieattnff  each  other  in  every 
respect.     The  month  of  this  animal  is  in  the  centre ;  and  it 


opens  into  a  stomach,  which  occapiee  the  central  disc,  and  sends 

}wolongations  into  the  rays.      The  nerroua  system  is,  id  like 

manner,  composed  of  a  reftetition  of  similar  parts.     A  plan  of 

it  is  seen  in  Fig.  17  ;  where  a  shows  the  position  of  the  mouth, 

which    is  Burronnded    by   a    ring    or 

nerrons  cord,  havisg  fire  ganglia,  cor- 

re^tonding  to  the   five  anns.     From 

each  of  these  ganglia  proceeds  a  branch 

along  its  arm,  terminating  in  a  little 

organ  at  its  extremity,  which  is  be* 

lieTed  to  be  an  imperfectly  developed 

eye.     No  other  t^ans  of  special  sense 

can  be  detected  in  any  of  these  animals ; 

and  it  is  only  in  a  few  that  even  these      f™-  17— nibtih 

imperfect  eyes  can  be  discovered.     All 

parte  of  tiieir  strncture  appear  to  be  reduced  to  theii 


r  greatest 
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simplicity  of  form ;  and  at  last  we  come  down  to  that  which 
has  been  already  noticed  (§.  13»  14)  as  the  simplest  type  of  a 
decidedly  animal  structure, — a  stomach  or  digesting  sac,  with  an 
orifice  that  serves  as  the  mouth,  and  a  set  of  arms  arranged  in  a 
circular  manner,  around  this  orifice,  as  we  find  in  the  Hydra. 

80.  It  is  only  among  the  highest  of  the  Radiata,  that  there 
exists  a  circulation  of  nutritiye  fluid  in  distinct  vessels :  in  moat 
of  the  animals  which  this  group  includes,  the  fluid  and  solid 
parts  are  in  contact  with  each  other  through  the  whole  body ; 
and  their  tissues  bear  a  close  resemblance  to  those  of  plants. 
The  circular  arrangement  of  thew  organs  is  a  more  obvious  point 
of  resemblance  to  the  Vegetable  kingdom ;  and  this  has  frequently 
caused  mistakes  to  be  made  in  regard  to  the  sea-anemonies,  and 
other  large  polypes,  which,  when  their  mouths  are  open  and 
their  arms  spread  out,  look  so  much  like  the  blossoms  of  some  of 
the  composite  tribe  of  plants,  as  to  have  received  the  name  of 
anitnalJlatDert.  But  there  is  yet  a  stronger  analogy  between  the 
lowest  of  the  Radiated  group  and  the  Vegetable  kingdom ;  for 
among  the  former,  as  in  the  latter,  we  find  a  union  of  many  indi- 
viduals, which  are  capable  of  existing  separately,  into  one  com- 
pound structure,  having  a  plant-like  form.  This  is  the  nature  of 
the  stem  of  coral  (Fig.  76) ;  which  is,  in  fact,  the  skeleton  of  one 
of  these  compound  systems,  consisting  of  a  number  of  polypes 
united  by  a  jelly-like  flesh ;  just  as  the  woody  stem  of  a  tree  is 
the  skeleton  that  supports  a  vast  number  of  buds,  each  of  which 
is  capable  of  living  by  itself  (See  Vegbt.  Phys.  §.  305).  la 
consequence  of  this  remarkable  union,  it  is  often  very  difficult  to 
say,  whether  a  particular  mass  is  to  be  regarded  as  a  single 
animal,  or  as  a  collection  of  many.  To  the  tree-like  fabrics  thus 
produced,  the  name  of  zoopkytei  (animal  plants)  is  commonly 
given ;  and  ordinary  observers  often  find  it  difficult  to  get  rid  of 
Uie  idea  of  their  vegetable  origin.  The  animals  that  formed 
them  are,  of  course,  fixed  to  one  spot  during  all  but  the  earliest 
periods  of  life ;  and  the  amount  of  movement  which  they  per- 
form, for  the  purpose  of  obtaining  and  securing  their  food,  is  very 
little  greater  than  that  which  has  been  described  in  the  Sensitive 
plant,  and  Venus's  fly-trap  (See  Veoet.  Phys.  §.  421). 
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81.  In  r^^^urd  to  the  situation  of  the  skeleton  of  the  Radiata, 
there  is  very  great  yariety ;  as  there  is  in  respect  to  the  arrange- 
ment of  the  organs.  In  the  gtar-'Jish  and  tea-urchin^  the  body  is 
enclosed  in  a  hard  casing,  furnished  with  prickles  or  spines.  In 
ihe  jMy-JUh  and  iea-anemcney  it  is  altogether  destitute  of  any 
hard  support  or  protection.  And  in  the  coral-forming  tribe,  a 
massiYe  internal  skeleton  is  generally  produced ;  though  in  some 
few  instances  the  stony  matter  forms  a  tube,  which  envelops  the 
soft  parts. 

Dtviiian  cf  the  Animal  Kingdom  into  CkuieB, 

82.  The  various  animals  which  are  united  into  each  of  the 
four  preceding  groups,  or  primary  divisions  of  the  Animal  King- 
dom, whilst  agreeing  among  themselves  in  the  general  characters 
that  have  been  enumerated,  differ  from  each  other  in  important 
points ;  and  it  hence  becomes  necessary  to  subdivide  these  again, 
according  to  the  manner  in  which  their  functions  are  respectively 
performed.  Thus,  among  Yertebrated  animals,  there  are  some 
which  produce  their  young  alive,  and  which  nourish  them  after- 
wards by  suckling ;  while  the  greater  part  rear  them  firom  an 
egg  which  contains  a  store  of  nutritive  matter,  and  do  not 
afibrd  them  any  further  nourishment  from  their  own  bodies. 
Agun,  some  breathe  air ;  whilst  others  live  constantly  in  water, 
and  have  no  direct  communication  with  the  atmosphere.  Some, 
moreover,  have  the  power  of  keeping  up  a  high  temperature, 
so  that  their  bodies  always  feel  warm  to  the  touch  ;  whilst  the 
temperature  of  others  varies  with  that  of  the  atmosphere,  so  that 
tbdr  bodies  give  a  feeling  of  coldness.  The  former  are  termed 
fcarmMooded;  the  latter  cold-blooded.  There  is  a  like  differ- 
ence in  their  mode  of  life ;  some  of  them  being  destined  to  live 
on  the  surface  of  the  earth,  whilst  others  are  chiefly  inhabitants 
of  the  air,  and  others  again  are  the  tenants  of  the  ocean.  These 
difierences  are  so  well  marked,  that  they  afford  a  ready  means 
of  subdividing  the  Yertebrated  group  into  four  classes,  Mamma- 
lia, Birds,  Reptiles,  and  Fishes.  The  chief  peculiarities  of 
these  will  now  be  explained. 

83.  The  Mammalia  are  distingubhed  by  the  first  of  the 

r  2 
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characters  mentioned  in  the  last  paragraph ;  being  the  only  animals 
that  produce  their  young  alive,  and  which  nourish  them  after- 
wards by  suckling.  They  are  for  the  most  part  quadruped  (that 
is,  four-footed),  and  destined  to  liye  upon  the  surface  of  the  earth; 
but  man^  and  the  ape$  that  approach  nearest  to  him,  are  hipedy 
having  the  power  of  walking  on  two  limbs,  and  of  umng  the 
others  for  different  purposes ;  whilst  the  hat  tribe  haTe  the  two 
arms  converted  into  wings,  which  enable  them  to  fly  through  the 
air  like  birds  (for  which  the  older  naturalists  mistook  them) ; 
and  the  whale  tribe  are  adapted  in  their  general  form  to  lead  the 
life  of  fishes  (among  which  they  are  still  commonly  ranked  by 
persons  ignorant  of  natural  history),  having  the  hinder  part  of 
the  body  prolonged  and  spread  out  into  a  broad  flattened  tul, 
whilst  the  anterior  limbs  are  converted  into  short  fin*like  paddles, 
and  the  posterior  are  altogether  wanting.  Notwithstanding  these 
marked  differences  in  external  form,  there  is  a  great  correspond- 
ence as  to  internal  structure ;  for  bats  and  whales,  as  well  as 
ordinary  quadrupeds,  produce  their  young  alive,  and  suckle  them 
afterwards ;  they  are  also  warm-blooded,  breathing  air,  and  hav* 
ing  an  active  circulation.  Their  bodies  are,  for  the  most  part, 
more  or  less  completely  covered  with  hair,  which  serves  to  keep 
in  their  warmth ;  and  this  is  seldom  absent,  except  in  animals 
which  inhabit  warm  climates,  and  which  do  not  require  this  pro- 
vision. In  the  whales,  the  same  end  is  answered  by  the  thick 
layer  of  oil  in  the  substance  of  the  skin,  constituting  the  blubber; 
and  man  is  left  to  form  a  protective  covering  for  his  body,  hj 
the  exercise  of  his  own  ingenuity. 

85.  The  general  conformation  of  the  skeleton  of  Mammalia,  is 
shown  in  the  subjoined  figure,  which  represents  that  of  a  Camel, 
— the  black  ground  showing  the  outline  of  its  form,  when  clothed 
with  flesh.  The  head  is  supported  upon  a  neck)  which,  whether 
long  or  short,  always  contains  seven  vertebrsQ  (9  e,  the  cervical 
vertebrse) ;  the  number  of  the  vertebras  of  the  back  («  d^  the 
dorsal  vertebrae),  and  that  of  the  vertebrse  of  the  loins  («  /,  the 
lumbar  vertebrce),  varies  considerably  in  different  animals.  la 
most  quadrupeds  the  spinous  processes  (§.  64)  of  the  yertebrsD  of 
the  back  form  a  high  ridge,  for  the  purpose  of  giving  attachment 
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to  the  mnscles  and  ligaraenta  by  which  the  heavy  head  and  Aeck 
■re  nippoTted.     Sereral  of  the  vertcbno  at  the  hinder  end  of  the 


«^>I  colnmn  are  united  into  a  single  bone  (e  f,  the  Bacrnm),  by 
which  they  are  connected  with  the  framework  that  enpporta  the 
kg*.  Behind  thifi,  they  are  again  separate  in  the  tail  (o  q,  the 
cudal  Tertebrts).  To  the  transverse  processes  of  the  vertebra 
>n  attached  the  ribs,  c,  by  which  the  npper  part  of  the  cavity 
of  the  tmnk  is  protected  ;  the  ribs  are  prolonged  liy  cartilages 
thtt  meet  nnder  the  body  in  the  breast-hone,  whid)  in  moat  of 
the  mammalia  is  flat.  Upon  the  ribs  lies  on  each  side  the  blade- 
bone,  or  scapula,  o;  and  this  forms  part  of  the  shoulder-joint, 
»nd  gives  attachment  to  some  of  the  mHSclcs  by  which  the  fore- 
leg is  moved.  Each  anterior  limb  consists,  first,  of  tlie  hnmerus, 
or  ann-l>one.  A,  which  lies  between  the  shoulder  and  the  elbow  ; 
then  of  two  bones  jiiving  support  to  the  fore-arm,  which  are 
imnmonly  united,  however,  in  herbivorous  qusdrupeds,  into  a 
single  one,  eu  ;  next,  of  the  hones  of  the  wrist,  co,  which  are  also 
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few  in  number,  in  animals  that  do  not  possesa  sepante  fingers ; 
and  tartlf  of  the  bones  ofthe  band,  tnc,  and  those  of  the  toes,  jt>A. 
The  hind-leg,  united  to  the  vertebral  column  by  a  framework 
called  the  pelvU,  contains  a  corresponding  series  of  bonea ;  the 
femur  or  thigh-bone, /«,-  the  knee-pan,  ro,  a  little  bone  which  lies 
upon  the  knee-joint;  the  two  bones  of  the  leg,  hero  united  into 
one,  ti ;  the  bones  of  the  ancle,  ta  :  those  of  the  foot  and  toes,  ml, 
86,  The  general  arrangement  of  the  internal  organs  will  be 
seen  from  the  accompanying  figure  of  the  body  of  a  Monkey,  laid 

Sub-DuKUirr  Qlond  PuMldOlud 


open  in  such  a  manner  as  to  exhibit  the  chief  of  them.  The 
cavity  of  the  trunk  is  completely  divided,  by  the  mnscnlar  par- 
tition termed  the  diaphraffm,  into  two  portions,— the  Amtox, 
containing  the  heart  and  lungs, — and  the  abdomen  containing  the 
digestive  apparatus.  It  is  by  the  alternate  contraction  and  re- 
laxation of  this  mnscle,  that  the  act  of  breathing  is  performed  in 
Mammalia,  as  will  be  explained  hereafter  ($.  381). 
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87.  In  Birds,  there  is  a  much  closer  conformity  to  one  gene- 
ral plan  than  we  find  in  Mammalia*  The  covering  of  feathers, 
by  which  we  ordinarily  distinguish  the  members  of  this  class, 
pTOYails  universally ;  and  there  is  no  wide  departure  from  the 
form,  which  we  are  accustomed  to  regard  as  characteristic  of  this 
interesting  group.  This  class  belongs  to  the  aviparaui  division 
of  the  Yertebrata ;  since  the  young  are  reared  from  eggs.  But  it 
is  distinguished  from  Reptiles,  which  are  also  oviparous  and  air- 
breathing,  by  being  warm-blooded ;  and  by  having  a  very  ener- 
getic, instead  of  a  very  slow  circulation.  The  covering  of  feathers 
b  given,  not  only  to  keep  in  the  heat  of  the  body^  which  is  even 
greater  than  that  of  Mammalia,  but  also  to  afford  the  required 
surface  for  the  wings,  on  which  the  bird  is  supported  and  pro- 
peDed  through  the  air.  The  feathered  portion  of  the  wings  is 
stretched  out  upon  the  bones  which  answer  to  those  of  our  arm, 
and  IS  moved  by  its  muscles.  The  wings  are  very  small,  or 
entirely  absent,  in  the  Ostrich  and  a  few  other  birds,  which  pre- 
sent the  nearest  approach  to  the  Mammalia  in  their  internal 
structure ;  and  these  cannot  rise  from  the  ground,  but  run  swiftly 
along  it,  by  means  of  their  powerful  legs.  In  the  Penguin,  also, 
the  wings  are  small ;  and  they  are  used  as  fins,  by  the  assistance 
of  which  the  bird,  which  can  neither  walk  nor  fly  with  rapidity, 
can  SYnm  very  quickly  through  the  water. 

88.  The  general  form  of  the  skeleton  of  Birds  is  shown  in 
Fig.  20,  which  represents  that  of  the  Vulture.  The  head  is 
supported  upon  a  very  flexible  neck,  of  which  the  vertebne  are 
often  very  numerous  (v  c).  The  vertebras  of  the  back  and  loins, 
however,  are  usually  few  in  number,  and  are  connected  together 
very  firmly,  so  as  to  form  a  nearly  inflexible  column ;  and  this 
again  is  closely  united  to  the  sacrum,  v  s.  The  vertebrse  of  the 
tail,  9^,  are  also  small  in  number,  and  possess  little  motion. 
The  ribs  are  very  strongly  connected  to  each  other  and  to  the 
vertebne,  and  are  united  to  the  breast-bone,  ^t,  by  bony  instead 
of  cartilaginous  prolongations.  Thus  the  whole  bony  apparatus 
of  the  tmnk  is  very  strongly  knit  together ;  and  the  purpose  of 
this  is  evidently  to  give  as  firm  an  attachment  as  possible  to  the 
muaeles  which  move  the  wings.     The  greatest  power  which  these 
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DigaoB  require,  b  in  the  downward  direction  ;  in  order  that,  by 
their  stroke,  they  may  raise  the  bird  in  the  air,  or  keep  it  from 
folliDg.     Accordingly  we  find  that  the  great  mass  of  flesh  or 
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muscle  that  pnts  them  in  action,  lies  on  the  braast-bone,  the 
centre  of  vUcb,  1,  is  raised  into  a  high  keel  or  ridge  for  its 
attadiment.  On  the  other  hand,  the  mnscleB  that  raise  the  limb, 
and  draw  it  backwards,  which  are  attached  to  the  blade-bone  of 
Uammalia,  and  are  usually  strong  in  them,  are  compaistirely 
weak  in  birds,  whoee  scapula  (forming  part  of  the  tide-hont)  is 
very  narrow.  MoreoTer,  in  order  to  keep  the  wings  properly 
apart,  there  is  a  very  strong  clavicle  or  collar-bone,  el,  in  birds  ; 
and  this,  though  it  exists  in  Man,  and  in  Hammalia  that  use  their 
fore-arm  for  other  purposes  than  support  and  motion,  is  deficient 
in  the  greater  part  of  those  that  employ  it  only  as  a  leg. 

89.  The  bones  with  which  the  wings  are  connected  ore 
better  seen  in  Pig.  21 ;  where  a  represents  the  narrow  blade- 
bone  ;/,  the  clavicle  or  collar-bone ;  c,  a  bone  that  seems  like 
a  second    collar-bone,    hmag  on  extenrion  of  what  is  a  mere 
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prooeM  or  projection  on  the  H»pula  of  Hammalia ;  t,  the 
eteninm  or  braart-bone  ;  e,  its  <■ 

lower  border;  b,  its  keel  or 
ridge  projecting  forwards;  and 
«,  the  attachment  of  the  ribe. 
The  amount  of  tlie  projection   / 
of  the  keel  of  the  stemnm  cor- 

rcBponds  with  the  aise  of  the  « 

mnscles  that  are  to  be  att&clied 

to  it ;  and  npon  this  depends  ' 

the  power  of  flight  which  the  ' 

Bin)  poesesMS.  In  the  Ostrich,    Fm.  >i~Binin  nr  m  shooldh  >hd 
and  other  birds  whose  wings  ""  "    "* 

are  not  developed,  ttie  sternum  is  Sat  as  in  Mammalia. — Return- 
ing to  Fig.  20,  we  notice  further  the  kumen$  or  arm-bone,  k,  con- 
stituting the  first  bone  of  the  pinion;  the  two  bones  of  the_/ftre- 
arm,  o;  the  bonea  of  the  wrist  ea,  which  are  here  scarcely 
developed ;  and  the  bones  of  the  fingers,  ph,  rach  joint  of  which 
sfaowa  indications  of  being  made  np  of  two  or  three  separate 
bones  united  together.  In  no  Bird  are  these  bonce  ever  sepa- 
rated into  distinct  fingers ;  since  they  are  never  applied  to  any 
other  purpose  than  that  of  supporting  the  wing-feathers.  In  the 
hinder  extremity  of  the  bird  we  find  a  thigh-bune,  /,  (prin- 
cipally concealed  in  the  figure  by  the  bones  of  the  wiug),  the 
two  bones  of  the  leg,  (,  which  are  commonly  in  part  united  ;  ttie 
shank  or  aode  bones,  ta,  and  the  four  separate  toes,  by  the  spread 
of  which  the  body  is  firmly  supported,  though  it  rests  only  on 
two  feet. 

SO.  The  arrangement  of  the  organs  contained  in  the  cavity 
of  the  tmnk  of  Birds  differs  from  that  which  has  been  described 
in  the  Hammalia,  chiefly  in  this, — that  tliero  is  usually  no  dia- 
pfangm  to  separate  tbe  chest  from  the  abdomen,  and  that  although 
the  Inngs  themselves  are  confined  tu  the  upper  part  of  tliu  cavity, 
they  are  connected  with  a  series  of  air-sacs,  which  are  distributed 
through  the  whole  of  !t.  In  the  accompanying  figure,  which 
represents  the  internal  organs  of  the  Ostrich,  the  heart  is  seen  at 
a,  the  stomach  at  b,  and  the  intestinal  tube  at  c.    The  windpipe,  d. 
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opena  into  the  Inngs,  e,  which  are  themselves  small,  and  an 
attached  to  the  ribs,  instead  of  lying  freelj'  in  the  cavity  of  the 
chest ;  but  the  space  they  wonld 
otherwise  have  occupied  is  filled 
upby  the  large  air-cells,/,/,  which 
communicate  freely  with  the  lungs 
and  with  each  other,  and  which 
even  occupy  a  large  part  of  the 
cavity  of  the  abdomen,  as  seen 
in  the  figure.  The  use  of  these 
air-cells  in  the  respiration  of 
Birds,  will  he  ezpluned  hereafter 
(|.  3661. 

91.    In  the  class  of  Reptiles 
wo  find  a  variety  of  form  so  re- 
markable, that,  if  we  were  influ- 
enced hy  this  alone,  we  shonld 
h^  f'a^^Z^bT'c'aei^i^  scarcely  r^ard  the    animals     it 
d  tha  tniih«.  t  (ii>  innfi,  ///  nirocUi,  contains  as  belonging  to  the  same 
thoe  ■Ir-oglli  oammunlfats  vLih  the  group ;   yet  the  Structure  of  the 
'■'«'  internal  organs,  on  which  classifi- 

cation is  founded,  is  essentially  the  same  in  all.  Four  obvionsly 
different  tribes,  turtle*,  lixard;  terpenU,  and  frogiy  are  bronght 
together  by  the  following  charactcis.  They  are  all  oviparout 
(Chap.  XV.),  in  this  respect  agreeing  with  Birds  and  Fishes ;  but 
they  are  cold-blooded,  and  have  not  a  complete  apparatus  for  the 
double  circulation  of  the  blood,  in  which  respect  they  iiffer  from 
Birds ;  and  they  breathe  air  by  means  of  lungs,  instead  of  breath- 
ing water  by  gills,  in  which  respect  they  differ  from  Fishes.  But 
by  the  lowest  group,  that  of  frogs  and  their  alliee,  this  class  is 
united  to  that  of  fishes  in  a  most  remarkable  manner ;  for  these 
animals  in  their  young  state  breathe  by  gills,  and  lead  the  life  of 
a  Ssh ;  and  some  of  them  retain  their  gills  daring  the  whole  of 
life,  even  after  the  lungs  are  developed  (%.  97)>  The  first  three 
of  the  tribes  just  mentioned,  undergo  no  such  change :  and  they 
further  agree  in  this,  that  they  breathe  air  during  the  whole  of 
their  livn,  coming  forth  from  the  egg  in  the  same  condition  ae 
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that  in  which  they  are  snbeequently  to  lire,  and  also  in  having 
tbeb  bodies  covered  with  faom}'  soles  or  plates,  whilot  the  skin 
of  the  Frog  tribe  is  soft  nnd  unprotected.  Tliese  differences  are 
considered  by  some  naturalists  as  sufficient  to  require  the  separa- 
tion of  the  Frog  tribe  into  a  distinct  class,  to  which  the  name  of 
Amphibia  (which  properly  means  animals  that  can  live  either  in 
air  or  water)  is  giveD. 

92.  The  Turtle  tribe  is  peculiarly  distinguished  by  the  inclo- 
nire  of  the  body  in  a  bony  covering ;  of  which  the  upper  arched 
portion  (termed  the  carapace)  is  formed  by  ao  expansion  of  the 


riba,  which  grow  together,  as  it  were,  at  their  edges,  so  na  tn 
form  a  conttnnotis  plate  ;  whilst  the  lower  flat  plate  (termed  the 
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pla$lron)  which  is  often  incomplete,  ta  formod  hy  ■  mmilv  ex- 
pansion of  the  stomum  of  breaat-booe,  which  is  here  spread  out 
rideways,  ioBtesd  of  bdag  raised  into  a  projecting  keel,  m  in 
Birds.     The  accompanying  figure  will  show  the  geneml  oon- 
structioa  of  the  ukeleton  of  this  tribe,  tlie  sternum  being  re- 
moTed.  As  in  the  preceding  figures,  oe  are  thecerrical  vertebne, 
and  vd  the  dorsal  vcrtebro  ;  e  arc  tlie  rihs  extended  in  widtb,  so 
as  to  unite  at  their  edges ;  c«  are  the  bony  pieces  which  con- 
nect these  ribs  witb  the  sternum ;  o,   is  the  scapula  or  blade- 
bone,  here   very  narrow,   as    in   birds;    cl,  the   cbtTicle;  eo, 
the  additional  clavicle,   as  in  birds;  b,  the  bones  of  tbe  pelvis 
which  support  the  lower  limbs ;  /,  tbe  thigh-bones ;  p  and  t, 
the  bones  of   the  leg.     Although  the  bones  of  tbe   toes    are 
separate,  they  are  enclosed  in  a  single  homy  casing ;  this  is 
flattened  in  the  aqnatic  turtles,  and  forms  a  paddle ;  whikt  in 
the  land  tortoises  it  forms  a  stumpy  foot.     The  carapace  and 
plastron  are  covered  with  large  homy 
plates,  varionsly  arranged  in  the  diffirent 
species,  and  codstitnting  what  is  com- 
monly called  tortoue-thell.    These  plates 
are  often  very  beautifully  disposed,  totm- 
ing  a  kind  of  teeselated  pavement ;  as  in 
the  common  Tortoise,  which  is  often  pre- 
served alive  in  our  gardens. 

93.     In  the  tribe  of  Lizards,  the  body 
has  no  such  covering ;  but  these  animals, 
having  more  activity  than  the  tortoises 
Flo. M.— TonToiK.  (which  areproverbiallyslow]  areenabled 

to  make  their  escape  from  danger,  whilst  tbe  latter  are  obliged 
to  trust  to  their  bony  casing  fur  protection  from  it.  In  their 
general  form,  the  lizards  approach  the  Mammalia,  being  all  four- 
footed,  and  living  for  tho  most  part  on  land ;  but  tbey  differ 
from  them  in  the  very  important  particnlais  already  mentioned, 
OS  well  as  in  several  otbeis  of  less  consequence.  In  general, 
their  bodies  are  covered  witb  scales,  which  lap  over  one  another 
like  the  tiles  of  a  roof ;  but  in  the  Crocodile  tribe,  many  parts  of 
the  surface  are  covered  witli  large  knotted  homy  plates,  that 
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meet  at  their  edges,  like  the  scales  of  tortoise-shell,  and  afford 


Flo.  i5 — Cho'jooilb. 


an  almost  impenetrable  covering.     Although  some  of  the  Lizard 
tribe  spend  a  large  part  of  their  time  in  water,  yet  they  all 
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breathe  air;  but,  as  their  respiration  is  very  inactive,  they  can 

spend  a  considerable  time  beneath  the  surface,  without  being 

obliged  to  come  up  to  breathe. 

There  are    some    lizards    in 

which  the  feet  are  extremely 

small,   and  the  body  much 

prolonged,  as  shown  in  the 

CkakU  (Fig.  26)  ;    and  by 

these  we    pass  to  the  next 

group. 

94.  The  tribe  of  SerpenU 
may  be  regarded  as  lizards 
without  feet;  their  spinal 
column  is  immensely  pro- 
longed; and  their  ribs  are 
also  very  numerous;  and 
they  are  able  to  crawl  upon 
the  points  of  these,  using 
them  almost  as  the  centipedes  do  their  legs  (§.  112).  But 
in  genera],  the  movement  of  their  bodies  is  accomplished  by 
their  being  drawn  up  into  folds,  and  then  straightened  so  as  to 


Fio.  97'-^Naia  Aspic. 
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project  tlie  head.  The  prolonged  form  of  the  body  in  Serpents, 
ocoBBionB  a  curious  variation  in  the  arrangement  of  the  prin- 
cipal organa,  which  is  shown  in  the  accompanying  figure. 
The  oesoph^us  or  gullet,  ce,  which  leads  from  the  month  to  th« 
stomach,  is  a  long  and  very  wide  canal,  being  even  larger  than 


the  stomach  at  its  commencement ;  a  portion  of  it  is  removed  at 
or',  in  order  to  ahow  the  heart,  &c.,  which  would  otiierwise  be 
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concealed  by  it  The  stomachy  t,  is  long  and  narrow ;  and  the 
intestinal  tube,  i'^  after  making  a  few  turns  or  conyolutions, 
passes  baek wards  in  a  straight  line,  to  terminate  in  the  cloaca, 
d,  which  opens  externally  by  the  orifice  a  n.  The  liver,  /,  is 
also  much  lengthened.  From  the  mouth  also  proceeds  the  long 
windpipe,  t  <,  which  conveys  air  to  the  lungs,  or  rather  to  the 
single  lung ;  for  the  lung  on  the  left  side,  p\  is  scarcely  at  all 
developed,  whilst  that  on  the  right,  /?,  extends  along  a  great 
part  of  the  body.  At  o  is  seen  the  ovarium,  in  which  the  eggs, 
o'o\  are  produced ;  and  this  also  is  very  much  lengthened,  ex- 
tending from  the  cloaca  a  good  way  up  the  body,  so  as  nearly  to 
meet  the  lung.  The  other  references  are  to  the  parts  of  the 
heart,  and  the  principal  vessels ;  the  structure  and  arrangement 
of  which  will  be  explained  hereafter  (§.  284).  At  vt  is  seen  the 
single  ventricle  of  the  heart ;  c  is  the  right  auricle,  and  t/  the 
left  auricle;  ad  and  o^  the  two  arches  of  the  aorta  or  great 
artery,  from  which  proceed  aSj  ac^  the  csirotid  arteries  to  supply 
the  head,  and  which  unite  to  form  a'  the  aorta  of  the  trunk ; 
t?,  the  vena  cava  or  great  vein  that  returns  the  blood  from  the 
head  and  front  of  the  body ;  and  vc^  the  vein  that  brings  it  from 
the  trunk. 

95.  The  animals  of  the  Frog  tribe  are  readily  distinguished 
from  all  the  preceding,  by  their  soft  naked  skins;  even  when  the 
form  of  the  body,  as  in  the  common  salamander  or  water-newt, 
resembles  that  of  the  lizards.  They  are  also  remarkable  for  the 
metamorphosis  which  they  undergo  in  the  early  part  of  their 
lives ;  for  they  come  forth  from  the  egg  in  a  condition  which  is, 
in  all  essential  particulars,  that  of  a  fish,  and  undergo  a  gradual 
series  of  changes,  by  which  their  form  and  structure  become 
analogous  to  those  of  the  true  reptiles.  This  change  is  most 
complete  in  the  frogs  and  toads ;  the  early  form  of  which  is 
known  as  the  tadpole.  The  principal  stages  of  this  change  are 
represented  in  the  accompanying  figures ;  in  which,  however, 
the  relative  sizes  are  not  preserved,  the  tadpoles  being  much 
larger  in  proportion  (for  the  sake  of  displaying  their  form  and 
the  gradual  development  of  their  legs)  than  the  adult  frog. 
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Soon  after  the  young  tadpole  has  come  forth  from  the  egg,  it 
presents  the  form  which  is  shown  in  Fig.  29  :  its  head  and  tmnk 
are  large,  and  the  latter  is  prolonged  into  a  flattened  tail,  by 
which  the  little  animal  swims  freely  through  the  water.  There 
is  not  the  least  appearance  of  limbs  or  members.  The  gills  are 
long  fringes,  hanging  loosely  in  the  water  on  either  side  of  the 
head;  and  by  these  the  tadpole  breathes,  as  do  the  aquatic 
MoUusca. 

96.  At  a  later  period,  however,  these  gills,  which  are  merely 
temporary,  disappear ;  and  the  breathing  is  carried  on  by  another 
set,  which  are  situated  behind  the  head,  and  are  covered  in  by  a 
fold  of  skin ;  the  ¥rater  gains  access  to  these  by  passing  through 
the  mouth,  exactly  as  in  Fishes.     The  form  is  then  that  which 


Fro.  ax 


Fro.  31. 


FiQ.  as. 


PiO.  99. 


F10.3S. 


Fie.  34. 


is  represented  in  Fig.  30.  In  a  short  time  afterwards,  the 
animal  still  breathing  by  its  gills,  the  hind-legs  begin  to  sprout 
forth  as  it  were,  at  the  base  of  the  tail ;  this  stage  is  shown  hi 
Fig.  31.      At  a  still  later  period,  the  fore-legs  begin  to   be 
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(lerdoped,  u  eeen  in  Fig.  32;  and  frooi  thut  time  tbny  are 
nonridied  at  the  expense  of  the  tail,  which  gradnalty  dieappean 
(F!g.  33.)  DuriDg  this  period,  other  important  changea  are 
taking  place  in  the  interior  of  the  body  ;  thechief  of  which  isthe 
development  of  the  lungg,  and  the  gradual  disuse  of  the  gills,  so 
that  the  animal  be- 
comes fitt«d  to  live  ..^v'!-^^^. 
on  land  and  breathe 
ur,  and  is  no  longer 
capable  of  remaining 
long  nndei  water, 
wiUiont  coining  to 
the  snrfoce  to  respire, 
in  Fig.  34. 


The  perfect  form  of  the  Frog  is  shown 


97.  It  has  been  said 
that  the  Frog  itself  under- 
goes a  more  complete  meta- 
morphosis than  others  of  the 
group.  Thus  in  the  JVaUr- 
Nmot  (Fig.  35),  the  taU  is 
Wtained  during  the  whole  of 
fife,  and  the  animal  con- 
tinues to  be  an  inhabitant 

of  the   water,  though  breatliing  air  alone.     There  are  some  verj 

cnrioiu  animals,  however, 

in    which    the    change  ia' 

topped,  as  it  were,  at  a 

much  earlier  period,  so  that 

the  gills  also  are  retained  ; 

and  in  these,  the  lungs  are 

lofBciently    developed     tu 

enable      the     animals     to 

breathe  air,  bo  that  they 

can  live  either  on  land  or 

in    water,    and    are    thus 

truly  ampASnout.    In  Fij;.  ^"^  ^— '■*""»"'»''■ 

36  is  represented  an  animal  of  this  kind,  tlie  AxoloU,  which 

inhaUts  some  of  the  lakes  of  Mexico.     And  in  Fig.  37  is  shown 


88  QBNBnAL   CHARACTBBS  OP  TIBnEB. 

the  fonn  of  a  still  more  remarkiible  animftl,  the  Lepidonren, 
recently  brongbt  from  the  rivers  of  Africa,  the  metamorphoeie 
of  which  appears  to  be  checked  at  a  still  earlier  period,  so  that 
it  is  very  difficult  to  decide  whether  it  should  be  regarded  as  a 
fish  or  a  reptile,  so  complete  is  the  mixture  of  characters  which 
it  preaenta. 

98.  The  class  of  Fishes  is  distinguished  from  all  other  Ver- 
tebrata,  hy  the  adaptation  of  the  animalB  composing  it,  to  breathe 
by  means  of  water  in  their  adult  state,  so  as  to  he  capable  of 
living  in  that  element  only.  Like  Reptiles,  they  are  oTtparons 
and  cold-blooded  ;  and  in  these  characters  they  difl^r  completely 
from  the  whales  and  other  Mammalia,  which  are,  like  them, 
inhabitanta  of  the  great  deep,  but  which  are  wBnn-blooded, 
•iviparouB,  and  air-breathing  animak.  There  is  a  simple 
external  character  by  which  the  members  of  the  two  classes  may 
he  at  once  distinguislied.  The  animals  of  the  whale  tribe  are, 
like  fishes,  chiefly  propelled  through  the  water  by  means  of  a 
flattened  tail ;  but  in  the  former  the  tail  is  flattened  korieontaUj/, 
so  that  its  downward  stroke  may  serve  to  bring  the  animal  to 
the  surfoce  to  breathe  ;  whilst  in  the  latter  it  is  flattened  verti- 
cally, that  its  strokes  from  side  to  side  may  simply  propel  the 
fish  through  the  water.  This  flattening  or  compression  of  tiie 
body  is  seen  more  or  less  in  almost  all  fishes ;  and  it  is  inti-  - 


mately  connected  with  the  nature  of  their  motion  through  the 
element  they  inhabit,  as  it  serves  the  double  purpose  of  dimi- 
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Dishing  the  resistance  which  it  offers  to  their  progress,  and  of 
increasing  the  extent  of  fche  oar>-like  surface,  hy  the  stroke  of 
which  the  hody  is  propelled  forwards  (Chap.  xii). 

99.  The  preceding  figure  of  the  skeleton  of  the  Perch 
shows  the  bony  apparatus,  by  which  this  extended  surface  is 
supported.  The  spinous  processes  of  the  yertebrro,  which  pro- 
ject upwards  from  the  vertebral  column,  are  long,  and  are  con- 
nected with  another  set  of  bones,  which  continue  them,  as  it  were, 
into  the  finny  expansion  that  rises  from  the  back,  of  which  they 
constitute  the  framework.  There  is  a  corresponding  series  of 
bones  below ;  but  they  leave  a  part  of  the  trunk  free,  to  contain 
die  viscera.  They  form  another  fin  behind,  however ;  and  they 
spread  out  at  the  tail  to  support  its  large  expanded  surface.  It 
is,  therefore,  by  bending  its  spinal  column,  that  the  side  stroke 
of  the  tail  and  of  the  hinder  part  of  the  body,  is  made,  for  the 
propulsion  of  the  fish  through  the  water;  and  thus,  in  this 
lowest  group  of  the  vertebrated  series,  the  act  of  motion  is  per- 
formed by  the  vertebral  column  itself,  instead  of  being  committed 
to  the  limbs  as  in  Birds  and  Mammalia.  But  these  limbs  or 
membem  are  not  altogether  wanting  in  fishes ;  for  there  are 
usually  one  or  two  pairs  of  fins  (those  already  mentioned  are 
nngle,  and  are  placed  on  the  central  line  of  the  body)  which 
evidently  represent  the  arms  and  legs  of  man.  The  hinder  pair 
of  these  is  not  unfrequently  situated  nearly  as  far  forwards  as  the 
other ;  this  is  the  case  in  the  perch,  as  well  as  in  the  mullet,  of 
which  a  sketch  is  given  in  fig.  36.  The  single  fins  arranged  on 
the  central  line,  are  the 
firat  and  second  dorsal, 
d  1  and  d  2,  the  caudal 
or  tail-fin,  c,  and  the 
anal  fin,  a;  at  i>  is  seen 
one  of  the  ventral  fins, 
which  correspond  to  the 
legs;  and  above  this  is 
flhown  one  of  the  pecto-  »     ^    „ 

ral  fins,  which  are  ana- 
logous to  the  arms.     These  fins  are  of  little  use  in  propelling  the 

c2 
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fish  through  the  water ;  hut  they  give  great  assistance  in  rairing 
or  lowering  it,  and  in  changing  its  direction.  Sometimes  one  or 
both  pairs  of  them  are  absent. 

100.  Although  Fishes  breathe  by  gills  instead  of  by  lungs, 
these  gills  are  connected  with  the  month,  so  that  the  water 
which  passes  over  them  is  received  into  it,  in  the  same  manner 
as  the  air  is  in  the  higher  Yertebrata.  This  is  a  character  which 
distinguishes  the  position  of  the  gills  of  fishes,  from  that  of  the 
corresponding  organs  of  any  of  the  inferior  tribes.  They  are 
lodged  in  a  cavity  on  each  side  of  the  throat ;  and  this  cavity 
opens  outwardly,  either  by  one  large  valve-like  aperture  on  either 
side,  or  by  several ;  through  these  apertures,  the  streams  of  water, 
which  have  been  taken  in  by  the  mouth,  and  forced  over  the 
gills  by  the  action  of  its  muscles,  make  their  exit. 

101 .  The  bodies  of  Fishes  are  usually  covered  with  scales  or 
plates,  which  have  sometimes  a  bony  hardness,  and  which,  in 
some  species  of  fishes  that  do  not  now  exist  alive,  appear  to  have 
been  even  of  the  density  of  enamel.  Thus  we  have  a  sort  of 
transition  to  the  external  skeletons  of  the  Invertebrated  animals. 
And  in  this  class  also  we  not  unfrequently  find  the  internal  ske- 
leton so  deficient  in  the  stony  matter  from  which  bone  derives  its 
hardness,  that  it  seems  like  cartilage  or  gristle ;  and  in  a  few  of 
the  lowest  species,  we  do  not  even  find  a  distinct  vertebral  column. 
So  Uiat  the  change  of  character  from  the  Vertebrated  to  the  Inver- 
tebrated series  is  a  gradual,  and  not  an  abrupt  one ;  and  would 
probably  be  found  to  be  still  more  gradual,  if  we  were  acquainted 
not  only  with  all  the  forms  of  animal  life  which  now  exist,  but 
also  with  those  which  have  existed  in  ages  long  gone  by,  and  toe 
now  extinct. 

102.  In  the  Articulated  subdivision  of  the  animal  kingdom, 
we  meet  with  differences  no  less  remarkable  than  those  we  have 
already  seen.  In  some  we  find  the  body  furnished  with  articu- 
lated members  or  legs,  which  constitute  its  instruments  of  motion, 
as  in  the  Sandkopper  (Fig.  40) ;  and  it  is  in  these  that  the  oigans 
of  sense  are  best  developed,  and  that  those  ganglia  of  the  nervous 
system  which  the  head  contains,  exert  the  greatest  influence  over 
the  rest.  Sometimes,  on  the  contrary,  as  in  the  leech,  there  ai«  no 
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jointed  membera,  the  nervous  ganglia  are  but  little  developed 
even  in  tlie  head,  aiid  they  all  have  nearly  the  same  functions. 
Hence  wo  miglit  subdivide  this 
group  into  tno, — thoae  which 
poeseflB  articulated  members,— 
and  those  which  are  destitute  of 
them.  Each  of  these  is  again 
subdivided  into  classes. 

103.     lu  tht!  highest  division 
of    the   Articulnted    series,    we 
easily  recogniw,  as  forms  quite 
•a.  HDHWFn.  distinct  from  each    other,    the 

Ituecl*,  the  S/nJers,  the  Cnutaeeotu  animals  (crabs,  lobsters,  &c.), 
and  the  Centipedes.  Tlie  class  of  Insects  is  distinguished,  for  th« 
most  part,  by  the  prn- 
senee  of  wings,  but  to 
this  there  are  excep- 
tions. It  includes 
those  of  the  higher 
Articulata,  which 
breathe  air  by  means 
of  air 'tubes  distri- 
buted through  the 
body  (g.  320),  which 
have  no  more  than  tix 
legs,  and  whose  body, 

in  its  perfect  form  at  F.p.4i_n««L.ih«. 

least,  manifests  a  division]  into  three  distinct  parts — the  head, 
thorax,  and  abdomen  (Fig.  41).  Tu  the  thorax  alone  are  attached 
the  MX  legs,  as  well  as  the  wings  ;  and  its  cavity  is  principally 
occupied  by  the  muscles  that  move  them  :  the  abdomen  contuns 
tbe  Olsons  of  digestion  and  reproduction,  as  in  vertebrated  animals. 
Id  the  greater  part  of  this  class, the  young  animal  comes  forth  from 
the  ^g,  in  a  condition  very  different  from  that  wbicb  it  is  ulti- 
mately to  possess  ;  and  it  nndergnes  a  series  of  changes,  after  the 
last  of  wliicli  onlyit  presents  the  form  of  the  perfect  insect.  In  some 
tribes,  the  general  form  ia  the  same  from  the  first,  and  the  wings 
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are  tlie  onljr  parte  deficient ;  these  gradually  make  their  appear- 
ance, and  the  insect  id  then  perfect.  Such  is  the  case  with  the 
gnaahoppei  and  cricket  kind;  and  a  change  of  this  kind  is 
termed  an  ineomplete  metataorphoiis.  But  in  general,  the  change 
of  form  is  much  greater ;  for  that  which  the  egg  producea  has  a 
form  quite  unlike  that  of  the  perfect  insect,  and  much  more 
resembling  the  lower  classes  of  Articniata. 

104.     The  caterpillar  or  maggot   of  many  Insects  is  com- 
pletely destitute  of  legs ;  and  where  it  does  possess  feet  by  which 
it  may  crawl,  these  are  merely  fleshy  projections,  and  are  not 
jointed  members.     The  segments  or  divisions  of  the  body  are  all 
equal,  or  nearly  ao, 
as    in    the    worm 
f  tribe;    and  in    its 
habits  and  mode  of 
life,  the  larva  (aa 
it  is  termed)  is  en- 
tirely unlike    the 
perfect  insect.     It 
is  extremely  vora- 
cious, and  inoreasea 
rapidly  in  size;  and 
during     this     in- 
Pia.tt_Bii.i-in>itH.  crease,  its  akin  is 

several  times  thrown  off,  and  a  new  one  formed,  better  adapted 
to  its  advancing  growth.     When  it  has  attained  its  fiitl  deve- 
lopment oa  a  caterpillar,  it  undergoes  a  very  re- 
markable change,  previously  to  which  !t  uanally 
forms  a  protection  for  itself ;  either  by  weaving 
a  nlken  thread  of  its  own  spinning,  into  a  case 
or  cocoon  (as  is  done   by  the  silk-worm)  ;  or 
by  gluing  together  bits  of  stick,  straw,  or  dead 
leaves,  as  is  done  by  many  other  insects ;  or  by 
burying  itself  in  the  ground,  as  do  most  of  the  „,%(  biu-vimh. 
beetle  tribe.     Beneath  this  protection  it  under- 
goes its  first  metamorphosis  into  the  slate  of  ehryialu  or  pupa  ; 
in    which    it  renuuna  completely  or    partially  motionless,  and 


its  full  dev 
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takeaoo  food,  but  lives  upon  the  store  which  had  been  deposited 
in  its  tissues  whilst  yet  in  the  larva  condition. 

105.  Tlie  period  during  which  it  remiuns  in  this  etate  is 
Bot,  however,  one  of  real  inactivity;  for  changes  of  a  very  im- 
portant nature  are  taking  place  witliin  the  body.  The  winga  and 
otber  parts  characteriatic  of  the  perfect  insect  are  being  deve- 
loped ;  and  preparation  is  thus  being  made  for  its  coming 
forth  into  tixe  world,  as  if  after  its  re-entrance  into  the 
egg,  in  a  coinplete  state.     In 

th^  oonditicHi  only  it  can  re- 
produce its  kind  ;  and  the  fer-  ( 
mizatlon  and  depoeiljon  of  the 
eggs,  together  with  the  pre- 
paration of  a  residence  for  the 
youDf;,     constitute    the   great 

busineaa  of  the  perfect  Insect ;  f<«- M— sujiwom Mom 

which,  in  many  instances,  takes  no  nourishment  from  the  time 
that  it  undergoes  its  last  metamorphosis.  Those  insects,  in 
whose  development  these  three  stages  are  distinctly  marked,  are 
said  to  undergo  a  eompleU  metamorphosu ;  hut  there  are  some 
among  these,  in  which  the  chrysalis  does  not  completely  lose  its 
power  of  motion ;  and  whose  history,  therefore,  has  a  certun 
renemUance  to  that  of  the  insects  whose  metaraorphosis  is  incom- 
plete. These  general  characters  of  the  larva,  ehrytalia,  and 
perfect  states  of  the  Insect,  will  hereafter  be  not  unfreqnently 
referred  to. 

106.  The  animals  of  the  class  Arachnida,  which  includes  the 
tfnd^n,  teorpiotit,  and  mite*,  are,  like  insects,  articulated,  breath- 
ing air,  and  possessing  legs,  but  the  number  of  these  legs  is 
never  less  than  eiffht ;  there  is  an  entire  absence  of  wings,  and  the 
head  is  united  witli  the  thorax,  so  that  the  body  seems  to  be 
formed  of  two  principal  divisions, — the  cepkalo-lhorax  (as  it  is 
termed), — and  the  abdomen.  In  Fig.  46  we  liave  a  representa- 
tion of  the  arrangement  of  the  parts  contained  in  these  cavi- 
ties. At  e(  is  seen  the  cepbalothorax  opened  (rom  below,  and 
giving  attachment  to  the  legs ;  at  tn  is  shown  the  place  of  the 
mandiblee  or  jaws  ;  at  />  is  seen  one  of  the  palpi,  which  are  ap- 
pendages to  the  month ;  pa  is  the  foiemost  leg ;  (,  the  large 
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nervous  mua,  from  which  the  legs  ore  supplied  ;  a,  the  ooUec- 
tion  of  ganglia  Bupplying  tbe  sbdomen;  ai,the  ftbdoraea  ;  p  a. 


the  respiratory  chambers ;  «,  the  stigmata  or  openiogB  into 


I,  the  leaf-like  folda  within  them  {k.  3^>  ;  m  a.  th« 
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the  ibdommi ;  a  n,  the  tenDination  of  the   intestine ;  /,  the 
ipinnents ;  o,  the  ovanea  ;  and  o  r,  the  opeuing  of  the  oTiduct. 
107.     The  class  of  CRnsTACEA,  of  which  the  eral>,  hbiler,  and 
trai/fiiA  are  the  beet  known  forms,  differs  from  both  tlie  preceding, 
b    being     adapted      to 
breathe     by    means    of 
gills,  and  thus  to  reside 
in  «  near  water,  instead 
of  bong  tenants  of  the 
lir.    Moreover  the  body 
ia  endoeed    in    a    bard 
covering,  which  genoally 
contams  a    good   deal  of 
cartwnate   of    lime,  and 
which  is  thrown  off  at 

ngoUr  interrala.      Tliis  f...  «7.-TB.t™ii«. 

covering  also  encloses  the  members,  which  are  never  less  than 


Fin.  4a— AirtraHT  or  a  Ciai. 

ten  in  number,  and  are  frequently  more  numerons.  There  is  great 
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variety  of  form  among  the  animals  of  this  group,  which  is  alto- 
gether one  of  great  interest.  In  the  Crxib  tribe,  the  head, 
thorax,  and  abdomen  are  all  drawn  together,  as  it  were,  into 
one  mass  ;  and  the  general  arrangement  of  the  organs  it  contains 
is  exhibited  in  the  preceding  figure,  which  shows  them  nearly 
as  they  are  found  to  lie,  when  the  upper  part  of  the  shell, 
or  earapacey  is  removed.  At  t  there  is  left  a  portion  of  the 
membrane  which  lines  the  carapace  and  covers  in  the  viscera. 
On  the  central  line,  at  c,  is  seen  the  heart,  which  in  the  Crus- 
tacea is  large  and  powerful  in  its  action ;  from  it  there  passes 
forwards  the  artery  a  o,  which  supplies  the  eyes  and  the  front 
of  the  body ;  whilst  the  artery  a  a  passes  to  the  lower  and  hinder 
parts ;  at  6  are  seen  the  gills  of  the  left  side  in  theur  natural 
position;  whilst  at  b'  are  seen  those  of  the  right  side,  turned 
back  to  show  their  under  surface,  and  to  disclose  the  lower  por- 
tion of  the  shell,//.  At  0  is  seen  the  stomach,  situated  dose 
behind  the  mouth;  and  at  m  are  pointed  out  its  powerful 
muscles,  by  the  action  of  which  the  food  is  ground  down.  The 
convoluted  intestine  is  seen  on  either  ride  of  the  stomach ;  and 
the  space  between  thia  and  the  edge  of  the  shell,  is  occupied  by 
the  very  large  liver, /o. 

108.  In  most  of  the  Crustacea,  however,  the  body  is  more 
prolonged.  In  some,  as  the  Lohiter^  there  is  an  indication  of  a 
division  of  the  body  into  three  parts,  representing  the  head, 
thorax,  and  abdomen  of  insects ;  whilst  in  others,  as  the  Sand- 
hopper  (Fig.  40),  the  rings  or  segments  are  almost  as  similar  to 
each  other,  as  they  are  in  the  centipede  tribe.  There  is  no  class 
in  which  we  find  the  same  parts  exhibiting  so  great  a  variety  of 
forms,  and  rendered  subservient  to  so  many  uses.  In  the  crab 
and  lobster  the  members  of  the  first  pair  are  not  used  for  walking, 
but  form  the  claws  or  arms,  by  which  the  food  is  seized.  In  the 
Cray-fiihyi^xg,  51 )  this  variation  of  form  is  much  less  remarkable ; 
and  these  members  may  be  used  either  as  legs  or  claws.  And  in 
the  Sand-hoppeTy  they  closely  resemble  the  other  legs.  But  this 
is  a  very  small  part  of  the  diversity  just  alluded  to.  Most  of 
the  Crustacea,  like  insects,  come  forth  from  the  egg  in  a  state 
very  different  from  their  adult  form  ;  and  afterwards  undergo  a 
series  of  changes,  which  are  in  some  instances  so  remarkable  as 


Fig.  4&— IUrlt  Fomii  ol 


MPTAMORPHOBIS  OF    CRUSTACEA.  91 

to  approaoli  the  complete  motamorphoees  of  insecte,  and  which 

enii  in  the  production  of  the  complete  form. 

Ad  eariy  form  of  the  common  crab,  at  a 

thne  when  it  ia  of  the  minnte  xiae  indicated 

tm  the  B(Tx>U,  is  ^own  in  Fig.  49. 

109.     Now  the  immature  Cruataoea  of 

diATenttnbeebearmaohmoraresembtance  « 

to  each  other,  than  do  the  fonuB  into  which 

theyanuUimately  to  be  developed;  and  the 

differences  tbejr    afterwarda   present  are 

chiefly  doe  to  a  variety  is  the  amount  of 

growth,  which  the  different  parts  undergo. 

Tbna  in  the  crab,  the  thorax  is  developed 

at  the  expenM  of  the  abdomen  or  tul ; 

in  the  lobetR  and  oray-fieh,  the  hinder 

part  of  the  body  ia  developed  at  the  ex- 
pense of  the  front.     This  variation  in  the  development  of  the 
game  [tarts  is  most  remark- 
'  ~  ably  shown  in  regard  to  the 

members  connected  with  the 
segments  forming  the  head 
»—  ,    and  the  front  of  the  thorax. 

Id  the  UmuluMor  kiog-crab, 

a*  -  of  which  the  under  enrface 

ia  Bhovni  in  Fig.  50,  these 
members,  p,  ore  fully  de- 
veloped around  the  mouth 
b ;  and  they  are  so  formed, 
as  to  serve  either  as  legs 
or  claws ;  whilst  the  joints 
nearest  the  month  act  the 
part  of  jaws.  Beneath  the 
binder  portion  of  the  body 
are  appendages,  a  b,  which 
Fu  50    JiiuuM.  support  the  gills.     But,  as 

may   be  readily  supposed, 

tliese  fttt-javit  do  not  perform  the  functions  of  movement  or  of 
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tnastication  so  completely  as  they  would  do,  if  tliej  had  either  to 
perform,  and  were  particularly  adapted  for  it ;  and  accordingly 
we  find,  in  ttie  higher  tribes  of  this  class,  that  this  separation  of 
function  does  take  place;  and  that,  whilst  the  members  nearest 
the  mouth  are  converted  into  jaws,  those  belonging  to  the  trunk 
serve  as  legs  and  claws. 

1 10.     This  is  the  case  in  the  Cray-Jl^,  the  several  parte  of 
which  are  shown  in  the  accorapanying  figures.     In  Fig.  51    is 


Fia.Sl — Cuv-FiM.  Fia.  SI— MAtnciiTDai  AirAMAtvm. 

seen  the  under  side  of  the  animal,  exhibiting  the  geneni  arrange- 
ment of  its  members.  The  letters  a  and  b  point  to  the  two 
purs  of  antsRfus  or  feelers,  which  many  of  the  Crustacea  hftve^ 
in  common  with  insects  ;  at  c,  are  the  eyes,  and  at  dthe  imper- 
fect organ  of  hearing.  At  e  are  seen  the  external  feet-jawa, 
which  correspond  to  the  legs  of  the  limulns ;  whilst  between  y 
and  g  are  situated  the  five  pairs  of  true  legs  developed  from  tfac 
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thorax.  At  h  are  shown  the  false  legs  beneath  the  abdomen ;  at 
;  the  termination  of  the  intestinal  canal ;  and  at  t ,  the  broad  fin- 
like expansion  of  the  tail,  by  which  chiefly  the  animal  propels 
itself  throngh  the  water.  In  the  adjoined  series  of  fignres,  are 
represented  the  yarious  forms  of  the  feet-jaws ;  by  which  it  is 
seen  that  there  is  a  gradnal  cliange,  from  before  backwards,  into 
tbe  character  of  the  other  limbs.  The  first  of  the  six  pairs,  a, 
constitnte  the  chief  biting  jaws  or  mandiblet ;  the  second  and 
third  pairs,  h  and  c,  are  also  termed  jaws;  whilst  the  three 
remaining  pairs,  </,  «,  and  /,  which  approach  the  legs  in  form, 
are  termed  auxiliary  jaws. 

111.  When  we  come  to  consider  the  instmments  of  motion 
in  the  different  classes  more  in  detail,  we  shall  meet  with  many 
examples  of  this  kind  of  adaptation  of  the  same  elementary  parts 
to  a  Tariety  of  purposes ;  but  there  is  probably  no  class  which 
presents  so  great  a  diversity  within  itself,  as  does  the  one  we 
have  been  considering. 

112.  From  the  Crustacea  we  pass  back  to  another  class  of 
the  higher  group  of  Articulata,  adapted  to  breathe  air,  and  to 
inhabit  the  land — ^the  Mtriapoda  or  Centipede  tribe.  Both  these 
names  are  deriyed  firom  the  great  number  of  their  legs,  which 
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often  amount  to  60  pairs  or  even  more.  In  this  class  we  see  a 
more  perfect  equality  of  the  segments  or  divisions  of  the  body, 
than  any  others  among  the  higher  Articulata  present ;  and  the 
smihurity  is  scarcely  less  complete  in  the  internal  arrangement, 
than  it  is  in  the  external  form.  In  its  lower  tribes,  the  legs  are 
90  weak  as  scarcely  to  be  able  to  sustain  the  body,  which  moves, 
therdbre,  partly  in  the  manner  of  a  worm.  The  animals  of  this 
clan  undergo  no  proper  metamorphosis ;  but  there  is  a  consider- 
able addition  to  the  number  of  their  segments  and  legs,  after  they 
have  come  forth  from  the  egg. 
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1 13,     Id  this  portion  (rf  the  Articulated  seriea  we  mast  pUce 
a  smftll  but  very   remarkable  group  of  animals,  which  were  for 
some  time  aMOCtated  with  the  MoUusca;  their  bodies  bnng 
enclosed  in  shells,  which  do  not  fit  closely  around  them,  nor  give 
more  than  a  general  protection  to  their  members.     This  gronp 
is  the  Bantade  tribe,  forming  the  class  CiRRBtpODA,  or  tendril- 
footod  animals.     They  agree  with  the  lower  Hollnsca,  in  being 
fixed  to  one  spot  during  all  but  the  earliest  period  of  thdi  Uvea  ; 
the  shell  being  sometimeB  attached  by  a  long  membranous  or 
leathery  tube,  aa  that  of  the  Bamade  (Fig.  54) ;  and  sometimes 
being  itself  fixed  on  the  surfiice  of  a  rock,  or  on  another  shell, 
as  is  that  of  the  Baianvt  or 
aconi'shell.      In  both  cases, 
the  form  and  stmcturo  of  the 
animal    are    essentially    the 
same.     When  taken  from  the 
shell  (in  which  it  lies  doubled 
up,  as  it  were,)  and  spread 
out,  its  articulated  nature  ia 
evident,  by  its  dirision  into 
segments,  and  by  the  regula- 
rity  of  the  arrangement    of 
their  tendril-like  appendages. 
Pin.  u_DaDv  ur    These  are    not    formed    like 
TBI    iiiMACi.^      j^^^  ^^^  jj^^y  could  be  made 

no  use  of,  the  animal  being  incapable  of  moving  from  place  to 
place ;  but  they  serve  to  produce  currents  in  the  sorronnding 
water,  by  which  food  is  brought  to  the  mouth,  and  the  blood  is 
submitted  to  the  influence  of  a  fresh  supply  of  air.  (§.298.)  The 
nervous  system  of  this  class  is  formed  precisely  upon  the  plan  of 
that  of  the  Articulated  in  general  (§.  71):  and  if  any  doubt 
could  have  remained  as  to  its  true  place  in  the  series,  it  is  re- 
moved by  the  knowledge  of  the  fact,  that  the  animals  composing 
it  bear  a  strong  resemblance,  in  their  early  conditiou,  to  some 
of  the  lower  Crustacea,  possessing  eyes  and  legs,  and  swim- 
ming freely  about ;  and  that  they  attain  thdr  adult  form  by 
passing  through  a  series    of  metamorphoses,    in    which   ihey 
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lose  their  eyes  and  legs,  and  become  fixed  for  the  remainder  of 
their  lives. 

1 14.  We  now  pass  to  the  lower  division  of  Articulata,  in 
which  the  body  possesses  no  jointed  members;  and  the  animals 
bdonging  to  this  group  are  for  the  most  part  included  in  the  class 
of  Aknblida,  the  Leech  and  Worm  tribe.  We  here  find  the 
body  enveloped, — ^not  in  a  hard  casing,  formed  in  distinct  pieces 
nnited  by  a  flexible  membrane, — ^but  in  a  skin  which  is  altoge- 
ther flexible,  and  which  gives  little  indication  of  a  division  into 
segments.  The  reason  of  this  is  evident.  In  the  Articulata 
possessed  of  distinct  members,  the  act  of  movement  or  progress 
aion  is  accomplished  for  the  most  part  by  these  only ;  and  the 
more  they  are  developed,  the  less  flexible  do  we  find  the  body. 
The  same  principle  has  been  already  pointed  out  in  regard  to  the 
internal  skeleton,  or  spinal  column,  of  Yertebrata.  In  Fishes,  the 
moUon  of  the  body  through  the  water  is  accomplished  chiefly  by 
its  own  vibration  from  side  to  side,  and  the  spine  is  very  flexible. 
(§.  96).  In  Birds,  on  the  other  hand,  where  the  motion  of  the 
body  through  the  air  is  eflected  by  the  stroke  of  its  wings,  the 
trunk  is  very  strongly  knit  together,  in  order  to  give  a  firm 
attachment  to  the  powerful  muscles  by  which  they  are  moved 
(§.  88).  Hence  in  the  Articulated  series,  it  is  natural  that  we 
should  expect  to  find  the  covering  of  the  body  most  soft  and 
flexible,  in  those  lowest  tribes,  in  which  there  are  no  separate 
members  for  its  propulsion. 

115.  Tlie  Class  Annelida  includes  several  distinct  tribes ; 
which  all  agree,  however,  in  the  long  worm-like  form  of  the 
body,  and  in  the  similarity  of  the  different  ganglia  of  their  nerv- 
ous system.  The  highest  tribe  is  adapted  to  live  in  air  as  well 
as  in  water ;  this  includes  the  Leeches  and  Earfh-tcarms^  in  both 
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of  which  we  see  the  division  of  the  body  into  rings  tolerably  well 
marked.     They  breathe  by  means  of  a  series  of  little  sacs  or  bags 


96  ANHELISA,    OR    LEKCU    AND   WORM   TRIBK. 

which  are  placed  along  each  side,  and  which  open  directly  out- 
wards, so  as  to  receive  either  air  or  water.  It  is  remarkable 
that,  in  these  and  Bome  other  Annelida,  the  blood  shoald  have  a 

iMMiiitiiiiiUim 
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reddish  or  port-wine  colour,  instead  of  being  pale  or  wfaite,  aa 
in  the  Articulata  in  general  (§.  326) ;  but  this  colour  is  not  the 
consequence    of  any  real    resemblance  between    the  blood   of 
these  Annelida,  and  that  of  Vertebrata ;  as  will   be  explained 
hereafter  (§.  226).     Most  of  the  inferior 
tribes  of  this  class  are  purely  aquatic ;  and 
;  they  breathe  by  gills,  which  form  tufts 
that  are  disposed  on  rariona  parts  of  the 
body.     In  the  Nereit,  or  Sea-cestipede, 
(Fig.  67),  these  tufts  slto  arranged  regu- 
larly on  the  several  segments ;  and  tha 
animal  can  swim  by  the  motion  that  it 
gives  tliem  ;  besides  which  it  has  a  kind 
of  bristle-shaped  appendage,  that  aeems 
like  an  undeveloped  leg,  which  assistg  it 
in  crawling.      But  there  are  others    of 
these  marine- worms,  that  form  a  tubular 
shell,  in  which  they  rende  daring   the 
greatest  part  of  their  lives  ;  and  in  theoe 
the  irillB,  if  disposed  alouff  the  body.woold 

Fui.M.-<Iii>EparBmnnA    l  ,  i  «_  ... 

nave  been  removed  from  the  access  of 
water ;  they  ore  therefore  arranged  round  the  head,  often  form- 
bg  (as  in  the  Serpulit,  Fig.  68)  tafts  of  great  brilliancy  and 
eleganoe. 

116.     From  the  Annelida  we  pass  to  animals  which  still  re> 
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taia  tbe  same  general  plan  of  stmotuJra ;  bnt  in  which  there  is  a 

yet  greater  simplicity  of  conformation.    This  is  the  case  in  the 

group  of  EIktozoa^  or  Jnteitinal  iVamUy  of  which  nearly  all  reside 

exdasiTely  in  the  bodies  of  other  animals.     They  possess,  for 

the   most  part,  the  worm-like  form;  but  their  various  parts 

cannot  be  so  definitely  distinguished.     We  first  lose  a  distinct 

apparatoa  for  the  circulation  of  the  blood ;  the  nutritious  fluid, 

where  it  has  any  proper  movement,  appearing  to  flow  through 

cliannek  excavated  in  the  soft  tissues.     At  the  same  time  the 

nervous  system  becomes  less  and  less  distinct ;  and  at  last  even 

tbe  intestinal  canal  seems  like  a  mere  channel,  hollowed  out 
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through  the  soft  and  almost  jolly-like  body.  We  observe,  too, 
a  still  greater  repetition  of  the  same  parts  through  the  different 
segments ;  and  a  less  dependence  upon  each  other  and  upon  the 
head.  Thus  the  T<9rui,  or  Tape- worm,  may  lose  a  large  propor- 
tion of  its  joints,  without  appearing  to  suffer  in  consequence.  In 
some  of  these  parasitic  animals,  the  worm-like  form  seems  almost 
or  completely  lost;  and  there  is  some  indication  of  the  radiated 
type. 

117.  Another  group  that  seems  to  belong  to  the  lower  por- 
tion of  the  Articulated  series,  is  one  of  great  interest  to  the 
microscopical  inquirer;  containing  a  variety  of  very  curious 
animals,  of  such  minuteness,  that  they  can  be  only  just  discerned 
by  the  naked  eye  under  the  most  favourable  circumstances ;  and 
at  the  same  time  of  such  transparency^  that  their  structure  can 
be  as  completely  made  out,  by  the  assistance  of  the  microscope. 
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aa  if  it  were  possible  to  dissect  every  part.  Thia  group,  com- 
monly known  under  the  ndme  of  Wheel- AnmuUeuUi,  now  consti- 
tutes the  claea  Botifbra  ;  it  wm  formerly  confounded  with  other 
animalculee  of  much  inferior  etmctnre,  from  which  it  is  distin- 
guiiihed  by  the  poeeesMon  of 
A.  B  various    organs  in   which  they 

are  deficient,  and  eapecially  by 
the  arrangement  of  the  cilia 
(minute  viliiating  ha!r-like  fila- 
ments, that  answer  several  very 
important  purposes  in  the  eco- 
nomy of  the  highest  as  well  as  of 
the  lowest  animals,  §.  31tf,  339) 
into  two  or  more  wheel-like 
groups,  situated  on  the  head. 
The  body  of  the  Wheel- Animal- 
cules is  covered  with  a  thin  tran- 
sparent membrane,  which  is  saf- 
ciently  flexible  to  allow  almost 
every  kind  of  change  of  form. 
Sometimes  it  is  stretched  oat 
lengthwise,  like  that  of  a  becb, 
and  then  exhibits  a  distmct  divi- 
sion into  segments ;  and  the  ani- 
mal is  sometimeB  seen  to  walk,  as 
the  leech  often  does,  by  means  of 
Fw.   so^wbiil  Ainiuu™!™  i  A,  the  sockeTS  placed  at  the  two 

irttb  Uw  wbHli  fipud^ !  B,  Willi  itw        .,..,,  a 

vhcda  ioM«]  up  ud  drawn  In  i  a,  Uw  suds  Of  its  body.     Sometimes, 

UMt  (,  itu-nij  gimaet;  / /,  intcMiiuii  contracted  into  the  form  of  « 
^i^i:;iS;rS^^"^*-,SS;'»";  ^ut  in  general,  it«  aspect 
oMiHwiTooiDpieMi  *,(«•:  (.on.  jj  that  shown  in  the  figure,  the 
bul  being  fixed  by  a  kind  oC 
sucker  to  a  solid  body,  and  the  wheels  on  the  head  being  pnt 
into  active  motion,  for  the  purpose  of  drawing  in  nanrisb- 
ment.  The  head  bears  two  red  spots,  which  seem  to  be  eyes. 
Behind  it  is  a  curions  ^ipaiatns  for  the  maatioation  of  tin  food. 
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the  working  of  which  can  be  distinctly  seen ;  and  after  passing 
tbrongh  tliis,  the  gullet  enters  the  stomach,  which  is  often  Tery 
capacions.  From  the  stomach,  the  intestinal  canal  passes  directly 
backwards.  Two  or  three  eggs  can  often  be  seen  within  the 
body ;  and  the  transparency  of  the  membranes  of  the  egg^  as 
well  as  of  the  body  of  the  parent,  allows  the  whole  process  of 
dcTelopment  (which  often  occupies  only  a  few  hours)  to  be 
watched  without  difficulty. 

118.  In  the  sub-kingdomy  Mollusca,  we  meet  with  a  variety 
of  form  and  stmctnre  no  less  remarkable ;  while  the  general  type 
or  plan  ahready  described  (§.  73-78)  is  still  found  to  prevail,  more 
or  less  distinctly,  through  all  its  members.  There  is  a  complete 
absence,  in  the  soft  bodies  of  these  animals,  of  anything  like  the 
jointed  structure  which  is  evident  in  almost  every  Articulated  ani- 
mal ;  and  where  arms,  feet,  or  members  do  exist,  they  are  destitute 
of  any  hard  supports,  and  bear  (as  will  presently  appear)  no  real 
resemblance  to  the  parts  of  the  same  name  in  the  classes  we  have 
already  considered.  It  is  a  character  which  is  common  to  all 
the  Mollusca,  that  the  skin  is  thick  and  spongy  in  its  texture ; 
having  muscular  fibres  interwoven  in  its  substance,  so  that  it 
can  contract  or  extend  itself  in  any  part ;  and  having  the  power 
of  exuding  shelly  matter  from  its  surface,  in  those  species  which 
form  such  a  protection.  This  envelope,  which  is  called  the 
numtle^  is  very  loosely  applied  round  the  parts  which  it  contains ; 
and  there  are  generally  large  apertures  in  it,  by  which  the  water 
is  admitted  from  without  into  the  interior  cavity,  in  which  the 
stomach,  intestines,  &c.,  lie  rather  loosely.  It  is  generally  to 
the  walls  of  this  cavity  that  the  gills  are  attached,  which  consti- 
tute the  usual  breathing  apparatus  of  the  Mollusca ;  and  a  con- 
tinual current  of  fluid  is  made  to  pass  over  them,  sometimes  by 
the  movements  of  the  mantle  itself,  but  most  commonly  by  the 
action  of  the  cilia  with  which  they  are  covered. 

119.  As  the  Articnlata  are  divided  into  two  subordinate 
groups,  according  to  the  presence  or  absence  of  articulated  limbs  or 
members,  so  may  we  arrange  the  Mollusca  in  two  sub-divisions, 
according  to  the  presence  or  absence  of  a  distinct  hsady — which 
has  been  already  defined  to  mean,  a  projecting  part  of  the  body, 

h2 
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containing  the  month,  or  entrance  to  the  digeaiiye  cavity,  and 
also  bearing  the  organs  of  sense,  which  gnide  the  animal  in  the 
discovery  and  selection  of  its  food.  In  the  higher  MoUusca,  there 
is  a  distinct  head,  fnmished  with  eyes,  and  sometimes  with  im- 
perfect ears;  but  in  the  lower,  the  entrance  to  the  digestive 
cavity  or  stomach  is  within  the  cavity  of  the  mantle,  and  is 
guarded  by  no  other  organs  of  sense  than  the  tentaeula^  or  sensi- 
tive lips,  which  are  sometimes  prolonged  into  arms  that  serve  to 
grasp  the  food.  These  are  termed  oc^pAo/otit,  or  headless  Mol- 
losca ;  and  among  the  lowest  of  them  (§.  126),  we  even  find  a 
tendency  to  the  union  of  several  individuals  into  a  compound 
structure,  which  is  so  remarkable  a  characteristic  of  the  Polype 
tribe  (§.  80). 

1 20.  It  has  been  already  stated,  that  tluffffisknsu  is  the  gene- 
ral character  of  this  group ;  and  we  find  no  general  definite  pro- 
vision for  locomotion,  but  a  particular  adaptation  of  certain  parts 
to  meet  the  wants  of  each  class.  Thus,  in  the  CuttU-fidi  tribe, 
the  arfn$  that  surround  the  mouth  are  nothing  else  than  the 
tentacula  of  the  lower  tribes,  very  greatly  prolonged.  lo  the 
little  Pleropodij  that  seem  like  the  Insects  of  the  ocean,  the  wing- 
like fins  by  which  they  swim,  are  only  expansions  of  the  mantle 
sideways.  In  the  SnaiUy  Whslks^  Limpets^  and  other  similar 
Molluscs,  the  Jleihy  di»e  on  the  under  side  of  the  body,  npon 
which  the  animal  crawls  (§.  7^)9  is  formed  by  a  simple  thick* 
ening  of  the  muscular  structure  in  that  part  of  the  mantle.  In 
the  Cockle  and  other  animals  inhabiting  bivalve  shells,  which 
move  by  means  of  a/x>^,  that  foot  is  merely  a  tongue-like  fleshy 
projection,  also  formed  by  an  increase  in  the  muscular  substance 
of  the  mantle  in  a  certain  part.  In  the  OyHer  and  others  of  the 
same  group,  as  also  in  the  lowest  class  of  headless  Molluscs,  there 
is  no  foot,  or  special  organ  of  locomotion ;  but  the  animal  is  for 
the  most  part  fixed  to  one  spot  during  the  whole  of  life;  and 
the  movements  it  may  perform  are  chiefly  due  to  the  contractions 
of  the  mantle  in  general. 

121.  The  highest  group  of  MoUusca,  in  regard  to  the  approach 
of  several  parts  of  its  structure  to  that  of  Yertebrated  animals,  is 
the  class  of  Cephalopoda,  the  CuUl&JUh  tribe.     This  class  re- 
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oeirea  ito  niune  from  the  peculiar  arrangement  of  the  arma  or  feet 
wound  the  mouth,  which  is  the  character! itic  of  its  members. 
Sometimes  these  arms  are  very  broad,  and  united  at  their  base 
into  ft  kind  of  circalar  Sn,  ob  in  the  common  Oetoput  or  Poulp 


represented  in  the  accompanying  figure  ;  and  the  body  ia  then 
short  and  thick.  In  other  inatances  the  arma  are  short,  and  the 
body  long  and  flexible,  and  furnished  with  a  Gn-Uke  expansion 
behind,  as  in  the  ealamary  or  tguid.  The  common  CuuU-JUh  and 
its  bIUbh  are  destitute  of  any 
.  external  protection  ;  but 
they  usually  have  a  flat 
shell,  commonly  known  as 
the  cuttle-fish  bone,  enclosed 
in  a  fold  of  the  mantle,  and  lying  along  the  back.  In  the  Cofa- 
ntary,  thia  ia  homy  in  its  texture,  and  is  sufficiently  flexible  tu 
offijT  no  resistance  to  the  action  of  the  fin-like  tail,  by  which  the 
animal  ia  propelled  through  the  water,  very  much  in  the  manner 
of  a  fisb.  Some  of  the  Cephalopods  now  exiating,  however,  and  a 
still  hu-ger  proportion  of  thoae  which  peopled  our  aoaa  in  past 
agca,  were  enclosed  in  spiral  shells  ;  and  these  ahells,  preaeived 
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to  US  iQ  A   fossil  flUte,  constitute  the    ttautilitet,    amtnonilet, 

belmnnitet,  &c.,  wliieh  abound  in  maiif 

rocke.     The  Cuttle-fish  are  animals  of 

i   considerable  activity;    their  month  ia 

I  furnished  with  a  horny  beak,  strongly 

I  resembling  that   of   the   parrot;  and 

their  arms  are  provided  with  a  aeiiea 

of  very  cnrionsly  conatmoted  snokeis, 

by  the  action  of  wbioh  (hey  can  take 

a  Tery  firm  hold  of  anrthinff  which 

Ph.  <n— AHMOHm.  ii        i     ■       ,  '  B 

they  desire  to  grasp. 

122.  The  class  of  Ptbbopoda,  or  wing-fooUd  Mollnsoa,  ood- 
nata  of  but  few  species,  and  the  animals  which  it  conbuDs  are  all 
of  them  of  small  size  ;  but  the  individuals  are  often  very  nnme. 
rous,  whole  fleets  of  them  being  sometimes  seen  covering  the 
ocean,  especially  in  the  Arctic  and  Antarctic  regiona,  where  they 
constitute  one  of  the  principal  articles  of  food  to  the  Whale.  The 
general  form  of  the  body  usually  differs  but  little  from  that  repre- 
sented in  Fig.  64.  On  either  side,  a  little  behind  the  head,  tlie 
mantle  is  ex  tended  intoafin-likeexpansion; 

by  the  aid  of  which,  the  animal  can  swim  i 
rapidly  through  the  water.  The  hinder 
part  of  the  body  is  usually  enclosed,  more 
or  leas  completely,  in  a  shell,  which  ia 
commonly  of  extreme  thinnesa  and  deli- 
cacy. The  head  is  not  furnished  with 
long  arms,  to  grasp  the  food  ;  but  it  has  a 
number  of  minute  sacking  discs,  by  which 
it  can  lay  firm  hold  of  whatever  it  attacks ; 
whilst  its  powerful  rasp-like  tongue  is  set 
to  work  upon  it.  •''•■  •♦■  ^•'"^^• 

1 23,  The  class  Gabtbropoda,  which  is  the  next  in  order, 
contains  those  animals  which,  like  the  snail  and  slug,  crawl  upon 
a  fleshy  disc  on  the  under  mde  of  their  bodies.  The  greater  part 
of  them  are  iuhabitants  of  the  sea-share,  rivers,  lakes,  &c. ;  some 
have  the  power  of  swimming  freely  through  the  open  sea ;  and 
the  proportion  of  those  that  breathe  air  and  live  on  land,  is  com- 
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pntiTelj  amall.     Tlie  general  atruoture  of  tlie  Miimals  of  tbu 

gnmp  hu  been  mlready  described  (§.  76).      Some  of  tbem  fonn 

ibeJls,  wbilst  others  are  destitute  of  them.     The  shells  are  eom- 

poaed  (^  a  ungle  piece,  <x  are  tmiwilve,  excepting  io  one  tribe ; 

tad  they  have  naaally  more  or  less  of  a  spiral  forma- 

tioD.    The  animali  of  ihii  clnss  all  poaee»  a  distinct 

head ;  fud  this  ia  generally  furnished  with  eyes,  as 

welt  as  with  tentacula.     They  ba?e  often  a  power- 

(bl  masticatiog  apparatus,  and  are  voracious  in  their   ^ 

babita  ;  some  of  them  feed  upon  vegetable  matter, 

others  npon  animals. 

124.     The  Acephalous  MolluBca  are  divided  into  «  P'l< 
two  groups, — those  which  form  shells,  and  those  which  do  uot. 
The  former  are  termed  Ookchipbra,  or  t&ell-bearinff  animals  ; 
and  this  class  includes  all  the  Mollnsca  that  form  a  shell  composed 
of  two  parts  or  valves  fitted  together  (which  shell  is  termed 
6whe},  as  well  as  some  otbns  whose  general  structure  is  the 
same,  but  whose  shell  is  formed  in  several  pieces,  or  multioaivg. 
Tbe  shell  in  these  animals  sometimes  attains  an  enormous  size  ; 
tlins  the  shell  and  animal  of  the  Tridactu  ffiffot,  cat  giant  clarop- 
ilicdl  of  the  East  Indies,  have  been  known  to  weigh  as  much  as 
S  or  6  owt.     The  two  valves  of  a  bivalve  shell  are  connected  by 
a  hinffe,  where  they  are 
united  by  a  ligament, 
which,  by  its  elasticity, 
holds  them  apart  while 
it  keeps  them  together. 
This  is  their  nsnai  con- 
)  dition   when  the  ani- 
mal is  alive ;   and  in 
this  manner,  the  water 
which  is  required  for 
pio.  fla— tmdachb.  j(jg^  respiration,  and 

also  to  convey  their  supply  of  food,  has  free  access  to  the  internal 
psrts.  But  when  the  animal  is  aUrmed,  and  desires  to  close  the 
fiiell  for  its  protection,  it  doM  so  by  means  of  a  muscle  which 
stretches  aoross  from  one  valve  to  the  other,  and  which,  by  con- 
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tracting,  draws  them  together.  Each  yaWe  is  lined  by  one-half 
or  lobe  of  the  mantle.  In  the  higher  tribes  of  the  class,  these 
halyes  are  united  along  their  edges,  leaving  apertures  for  the 
ingress  and  egress  of  water  (which  are  sometimes  prolonged  into 
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tubes),  and  another  for  the  foot.    But  in  the  Oyster  and  its  allies, 
which  have  no  foot,  or  a  very  small  onoi  the  balves  of  the  mantle 
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ate  quite  disunited,  and  the  water  has  free  access  to  all  the  Yisoera 
inclnded  within  the  shell. 

125.  The  accompanying  figure  gives  a  general  idea  of  the 
uTuigement  of  the  organs  in  one  of  the  higher  acephalous  Mol- 
luscs, the  MadrOf  which  is  among  those  having  two  muscles  for 
the  drawing  together  of  the  valves.  The  upper  end,  as  repre- 
sented in  this  figure,  is  tluit  which  is  considered  as  the  anterior 
end  or  front  of  the  animal,  being  that  nearest  which  the  mouth 
lies ;  and  the  posterior  extremity  (the  lowest  in  the  figure)  is  that 
at  whidi  the  intestinal  canal  terminates,  and  at  which  the  respir- 
atory tubes  are  formed.  Near  the  anterior  muscle,  we  find  the 
month,  or  entrance  to  the  stomach ;  it  is  furnished  with  four 
riband-shaped  tentacula,  of  which  one  is  seen  in  the  figure ;  and 
these  seem  to  possess  peculiar  sensitiveness.  Near  the  mouth  lie 
the  anterior  ganglia  of  the  nervous  system,  which  correspond  to 
the  brain  of  higher  animals ;  and  these  are  connected  by  long 
cords  with  the  posterior  ganglion,  which  lies  near  the  posterior 
mnsde.  The  stomach,  intestines,  and  liver,  occupy  the  central 
portion  of  the  cavity  of  the  shell ;  and  the  intestinal  tube  is  seen 
to  pass  backwards,  terminating  near  one  of  the  canals  or  siphons, 
which  also  carries  out  the  water  that  has  been  taken  in  through 
the  other,  for  the  purposes  of  respiration.  The  figure  also  shows 
the  large  fleshy  foot,  by  which  this  animal  can  move  itself  along 
the  ground,  or  bore  into  sand  or  mud.  The  heart  and  circu- 
lating system  are  less  complete  than  in  the  Gasteropoda ;  but  are 
hr  higher  in  character  (as  are  most  of  the  other  parts  of  the 
nutritive  apparatus)  than  the  corresponding  parts  in  Articulated 
animals,  in  which  the  apparatus  for  locomotion  so  much  predo- 
minates. 

126.  The  class  of  Tumicata  includes  the  lowest  of  the  Ace- 
phalous MoUnsca,  which  are  destitute  of  the  power  of  forming  a 
ahell,  but  which  have  the  outside  of  the  mantle  condensed  into  a 
toogh  leathery  or  cartilaginous  tunic^  from  which  their  name  is 
derived.  Many  of  them  live  separately,  and  have  the  power  of 
^ly  moving  through  the  water.  Others  associate  together 
into  a  compound  mass ;  of  which,  however,  the  individuals  are 
not  connected  by  any  internal  union.     But  others  form  really 
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compound  stmcturea,  like  those  of  tite  PolTpes  (g.  131);  each 
t  a  indindaal   being  ^1e    to 

live  by  itadf  alone,  but 
I  being  oonD«oted  by  a  >teti] 
and  vesaela  with  the  rest. 
The  general  atructnre  of 
the  individuate  is  the  Banw, 
however,  in  the  single 
and  in  the  compoeite  ani- 
mals  of  tfaia  dan,  aod  may 
'  '  be    understood    tmn   the 

«.- Hocui  A»:wiM.  accompanying  figure.    The 

cavity  of  the  mantle  pomeases,  as  in  the  former  instance,  two 
orificee ;  by  one  of  which,  b,  a  current  of  water  is  continually 
entering,  whilst  by  the  other,  a,  it  is  as  contiDually  flowing 
oat.  Theee  orifices  lead  into  a  large  chamber,  the  lining  of 
which,  folded  in  various  vaja,  conBtitutas  the  gilla ;  and  at  the 
bottom  of  this  chamber  lie  the  stomach,  e,  and  the  inteatinal 
canal,  i,  which  terminates  near  the  aperture  for  tlie  exit  of  the 
water.  All  these  parts  are  covered  with  cilia,  by  the  action  of 
which  a  continual  stream  is  mode  to  flow  over  the  gills,  and  to 
enter  the  stomach ;  and  the  minute  particles,  which  the  water 
brings  with  it,  and  which  are  adapted  to  serve  as  food,  are  re* 
tiuned  and  digested  in  the  stomach.  Even  these  animals,  fixed 
to  one  spot  during  all  but  the  early  part  of  their  lives,  and  pre- 
senting but  very  slight  indications  of  sensibiUty,  possess  a 
r^^nlar  hewt  Mid  system  of  vessels ;  and  these  vessels  form  part 
of  the  stem,  t,  by  which  the  compound  species  are  connected. 

127.  Thb  class  is  one  of  particular  interest  to  the  naturalist ; 
rinoB  many  of  the  animals  it  contains  bear  so  strong  a  resem- 
blance to  certain  of  the  higher  Polypes,  that  it  ie  difficult  to 
separate  them  ; — thus  showing  a  connexion  between  two  groups 
apparently  quite  distinct,  and  exemplifying  the  principle  that 
the  different  classes  are  not  separated  by  wide  gaps.  This  con- 
nexion is  further  manifested,  in  the  extension  of  these  com- 
pound structiuws,  by  a  process  resembling  that  of  the  budding  of 
plants. 
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138.  In  tlie  lUdwted  classes,  tbe  varieties  of  strnctare  wliich 
fneatl  themselves,  even  among  those  which  show  the  circnlar 
imngement  of  tbe  organs  most  distinctly,  are  extremely  re- 
Burksble ;  and  they  are  such  as  to  make  it  difGcult  to  define  the 
dtma  by  any  single  definite  characters.  Thus  the  first  clsM, 
tbit  of  EcBinoDBRHATA,  receives  its  name  from  the  prideiy 
dtaracter  of  its  covering,  which  is  evident  enough  in  the  Star^/Uh 
(Ji  79}  and  Sa»-Urehms;  but  there  are  other  animals,  suffi- 
eintly  resembling  these  in  general  structure  to  be  united  in  the 
Hme  class,  which  have  a  body  entirely  soft, — namely,  tbe 
Hulotkuria,  commonly  termed  Sta-Cucumbgrt.  This  class  ranks 


tbe  highest  among  the  Radiata,  in  regard  to  general  complexity  of 
■tractiire.  The  skeleton  of  the  star-fish,  sea-nrchin,  and  other 
uinuls  resembling  them,  is  formed  of  a  great  number  of  pieces, 
T«ry  tegnlarly  arranged  and  united  together  (Fig.  "JO) ;  bnt 
these  pieces  are  for  the  most  part  but  repetitions  of  one  another ; 
and  the  different  pmrtions  have  not  that  variety  of  uses  which  we 
Ke  in  higher  animals.  With  the  exception  of  the  tribe  of  Crin- 
m4o  or  lily-like  animals,  of  which  there  are  very  few  now  ex- 
uting,  but  which  were  very  abundant  in  former  ages,  all  the 
uimalt  belonging  to  this  clara  are  unattached,  and  are  capable 
of  moving  freely  from  place  to  place.  Their  motions  are  very 
ilaggiA,  however,  and  are  principally  effected  by  means  of  an 
immense  number  of  minute  tubular  feet,  furnished  with  suckers 
at  their  extremities,  which  can  he  projected  from  almost  any 
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part  of  the  body.  These  are  seen  in  rows  on  the  nnder  aide  of 
each  arm  of  the  Star-fish  ;  they  are  put  forth  throngh  rows  of 
vtfry  minute  apertures  in  the  shell  of  the  Sea-Urchin  (commonly 
termed  the  sea-egg)  ;  and  they  are  also  uranged  in  rows  on  the 
surface  of  the  body  of  the  Holothuria,  aa  seen  in  Fig.  69. 


Fia.  TO.—HbdlofSa'unliln!  on  tlio  right  ilile,  corowl  wlili  (plan ;  in  Uw  MI,  Uh 

129.  The  radiated  arrangement  is  very  evident  in  the  wbole 
bodies  of  tlie  Slar-JUh  (Fig.  16),  and  Sea- Urchin  ;  bat  in  the 
Holotbnria  it  is  nearly  confined  to  the  partA  abont  the  monfli ; 
which,  however,  exhibit  it  so  completely,  that  snoh  an  animal 
cannot  be  mistaken  for  one  of  the  Articulated  series,  eren  though, 
as  sometimes  happens,  the  body  is  prolonged  into  a  wonn~like 
form.  The  digestive  apparatus  in  this  class  has  usually  a  high 
degree  of  complexity.  In  the  Sea-TJrchin  and  Holothuria,  ther« 
is  a  regular  stomach  and  intestinal  tube  ;  and  the  latter  terminatea 
by  a  distinct  orifice,  at  a  distance  from  the  mouth.  The  ciicn- 
lating  apparatus,  however,  is  imperfect,  the  blood  not  being 
impelled  by  a  distinct  heart ;  still,  however,  it  moYea  tbrongli 
proper  vessels,  and  not  through  mere  channels  in  the  tissue. 
There  is  also  a  regular  provision  for  respiration ;  the  water 
being  admitted  to  the  interior  of  the  shell,  in  order  to  convey  air 
to  the  fluids  of  the  body.  In  the  Star-fish,  however,  the  body 
is  very  much  flattened ;  and  the  stomach,  instead  of  having  a 
separate  intestinal  tnbe  with  a  distinct  orifice,  is  a  mere  bag  with 
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k  gingle  apcrtare,  wbich  serves  both  to  take  in  food,  and  to  cast 
forth  tbe  indigestible  reioainfi.  This  cliaracter  will  be  fouod  to  pre- 
nil  unoDg  all  ttie  inrerior  Ridiata.   Tlie  ainouiit  of  sensation  pos- 
sessed by  the  animals  of  this  class,  has  been  already  noticed  (§.79)- 
130.     In  tbe  second  group  of  Badiato,  forming  the  class  of 
AcALEFHX  or  leanetiU*,  the  body  is  entirely  soft  and  jelly-like ; 
crmUiniDg  bo  small  a  quantity  of  solid  matter,  tliat,  when  taken 
"Dt  of  the  water,  so  that  its  fluid  drains  away,  there  is  scarcely 
•nything  lefl.      Hence,  the   animals  of  this  class  are  commonly 
termed  jdiy-fiah.     They  derive  their  other  name  of  Sca-Nettlea 
from  tbe  stinging  power  which  most  of  them  possess.     They  are 
fumed  to  float  freely  through  the  water ;  but  they  do  not  in 
general  possess  any  means  of    actively   propelling   themselves 
througli  it.     The  radiated  arrangement  is   very  regularly  pre- 
lerred  in  some  uf  this  group,  whilst  it  is  less  evident  in  others. 
The  accompanying  figure  represents  one  of  the  medu*a  tribe,  as 
seen  floating    in    water. 
The  ombrella- shaped  disc 
above  contains    the    sto- 
muh,  which  is  placed  in 
the   centre,    and    which 
opens  by  a  single  orifice 
or  month,  directed  down- 
wards.   Around  the  sto- 
mach are  four  chambers, 
■a  which  the  eggs  are  pre- 
pared.    The    mouth    is 
lorronnded  by  four  large 
tentacnia,  which  bring  to 
it  tbe  necessary  supply  of 
food  ;  and  other  tentacula 
are  seen,  in  this  species, 
to  be  han^ng   from   tbe 
«<ize  of  the  disc.     In  the 
«d^  of  this  disc,  the  nutii- 

tioM  fluid,  which  flows  in  ^"^  ji.-P«i«)«. 

^''uraeU  excavated  out  of  the  soft  tiseues,  seems  to  be  exposed 


110 


8TRUCTDBB  OF   POLTPIFERA. 


to  the  influence  of  the  surrounding  water ;  bat  nothing  like  a 
heart,  or  a  regular  circulation,  can  be  discovered. 

131.  We  pass  from  these  to  a  very  remarkable  group,  which, 
though  low  in  oiganisation,  is  second  to  none  in  regard  to  its 
importance  in  the  economy  of  Nature, — the  class  of  Poltpifsba, 
or  coral-forming  animals.  This  includes  several  tribes,  which 
differ  from  one  another  in  structure,  to  such  a  degree  as  almost 
to  require  to  be  distributed  into  three  separate  classes.  The 
simple  conformation  of  the  little  Hydra,  or  fresh-water  poljrpe, 
has  already  been  described  (§.  14.);  and  this  may  be  taken  as  the 

type  of  a  number  of  compound 
\A¥&)j.  structures,  more  or  leas  re- 

sembling that  of  the  Smiu- 
laria  here  delineated.  £ach 
of  them  consists  of  a  stem 
and  branches,  of  a  homy 
texture ;  and  on  the  rides  or 
ends  of  these  are  a  numb^ 
of  little  cells  or  bell-shaped 
chambers,  with  their  months 
upwards,  in  every  one  of 
which  is  a  polype,  beariog  a 
strong  resemblance  to  the 
Hydra.  Each  of  these  polypes 
is  capable  of  living  indepen- 
dently of  the  rest,  obtains  its 
nourishment  by  means  of  its 
own  arms,  and  digests  it  in 
its  own  stomach ;  but  all  are 
connected  by  a  set  of  vessels 
that  pass  along  the  stem  and 
branches,  in  which  a  kind  of 
circulation  takes  place,  that 
strongly  reminds  us  of  that 
of  the  compound  Tunicata  (§.  126).  This  plant-like  structure 
extends  itself  by  budding;  new  blanches  are  formed  from 
those  previously  existing;   these   are   enlarged   at  a   certain 
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punt  into  cells,  and  after  %  time  polTpea  make  their  appearance 

13S.  It  ia  not,  however,  hj  animals  of  ttiie  very  simple  atmc- 
tnre,  that  the  massiTQ  atony  fabrics  are  built  up,  which  constituto 
the  coral  islaods  of  the  Pacific  Ocean,  and  of  which  a  large  por- 
tioD  of  ODT  limestone  rocks  seems  to  be  composed.  These  aro 
anHtmcted  by  animals  that  are  formed  upon  the  same  plan  with 
the  Sta-An«numt, — a  plan  which  is  higher  than  tliat  of  the 
Hjdra,  inasmoch  aa  we  find  the  intmior  of  the  body  containing 
other  cavities  beeide  the  stomach  ;  which  oavities  are  destined  to 
(bnn  aud  prepare  the  germs,  and  are  analogous  to  the  four  otb-  - 
tial  diambers  of  the  Hednsa  (§.  130).  In  Fig.  73,  we  have  a 
tf  the  Sea^Anemone,  as  seen  from  above  ;  showing 


ita  month  in  the  centre,  snrroanded  by  its  nnmerotts  radiating 
tcDtaenIa ;  these  are  often  brightly  coloured,  and  give  to  the 
■nimsl  the  appearance  of  a  beautiful  flower.  In  Fig.  74  a  simi- 
lar uiinial  is  rapreseuted,  cut  open  to  show  its  interior.  The 
month  ia  seen  to  open  into  a  rounded  stomaeb,  a,  which  has  no 
Kcond  orifice ;  and  around  this  stomach  there  is  a  series  of  radi- 
ating membranous  partitions,  which  divide  the  space  intervening 
between  it  and  the  outer  covering  of  the  body  into  numerous 
cfaanbers,  h.  The  Sea-Anemone  itself^  like  the  Hydra,  is  a  soli- 
tary animal,  capable  of  ahiftiog  ita  place  at  will ;  and  it  forms 
BO  stony  skeleton  or  support. 

133.     But  there  are  other  animals  of  the  same  general  struc- 
tve,  which  have  Uie  power  of  depositing  stony  matter  in  the 
i  of  their  base  or  foot,  and  in  the  membranous  parti- 
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tioni  between  the  chambers;  and  this  stony  depont  fonns  a 
eoral  or  madrepore  sodi  as  is 
shown  in  the  accompaoying  figure. 
The  particular  arrangement  of  the 
radiating  plates  of  the  madrepore 
(shown  at  the  top  of  each  stem)  is 
the  result  of  the  form  of  the  soft 
structures  b;  which  it  was  deposited; 
and  wherev^  we  see  a  stmctnre  of 
this  kind  in  coral,  whether  npon  » 
large  or  a  small  scale,  we  may  infer 
that  it  was  formed  by  an  animal 
nearly  allied  in  stmeture  to  the 
Fig.  ;t.-cuvopBvu.u.  Sea-Anemone.     Of  the  stone-depo- 

siting coral-anlmala,  a  large  number  are  often  assorted  in  a  com- 
pound structure,  as  in 
Fig.  7fi;  this  conaiBte 
of  a  stony  tree-like  stem 
and  branches;  but  in- 
stead of  the  soft  animal 
matter  being  contained 
in  its  interior,  as  in  the 
preceding  case,  it  forms 
a  kind  of  flesh  that 
clothes  the  sur&ce,  and 
connects  together  the 
dif^rent  polypes. 

134.  Some  of  the 
stony  corals,  however, 
are  formed  by  polj'pes 
of  a  higher  conforma- 
tion ;  none  of  which 
have  yet  been  disco- 
vered in  a  separate  con- 
dition.      Onr  example 

must  therefore  be  taken  ^^  n.-sm  a*  Ooul. 

from  one  of  the  compound  structures  fbnnd  on  onr  own  coaala ; 
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which  is  so  truuparent,  as  to  enable  all  its  parts  to  be  distinctly 
Been.     This  polype  is  inclosed  in  a  hom^  cell  like  tbat  of  tbe 
Sertnlaria ;  and  hoe  a  moderate  nnmbei  of 
anna  fringed  with  cilia,  by  the  Tibrations  of 
wbicb,  rather  than  by  tbe  movement  of  the 
arms,  a  current  of  water  is  made  to  enter 
the  month  (<*,  Fig.  77)-    This  is  situated,  as 
in  other  polypes,  in  tbe  middle  of  tbe  circle 
of  arms;    and  it  leads,  by  a  large  funnel* 
^aped  tube,  to  a  gimard,  b  ;  in  which  tho 
particles  of  food  that  enter  it  are  ground 
down,  by  the  action  of  its  moscular  walls, 
uid  of  the  tooth-like  processes  that  line  it. 
Beloir   this  giraard   ia  tbe   tme   digestive 
stomach,  e,  around  which  the  rudiment  of  a 
liver  may  be  traced  ;  and  from  this  stomach 
there  passes    upwards  an  intestinal  tabe, 
which  terminates  by  a  distinct  orifice  at  d, 
on  tbe  outside  of  the  circle  of  arms.     The     Pia.  r?.— BowmuHUA. 
digB«ti»e    apparatus   is    evidently    formed,  ;;;j^^'«|^;^g'^^: 
therefore,  upon  a  much  higher  plan  in  these  tnUiie- 
animals  than  it  is  in  tbe  other  polypes ;  and  it  is  very  interest- 
ing to  observe,  in  their  genera]  structnre,  an  approach,  on  the 
one  hand*  to  the  class  Botipera  in  the  Artieulaled  serioa,  to  some 
forms  of  wbicb  they  bear  a  very  strong  resemblance ;  and  also  to 
tbe  ToHiCATA  among  tbe  Mollmcou*  division,  with  which  they 
are  associated  by  B<nne  naturalists.     Like  the  former,  the  polypes 
of  tbis  group  are,  for  the  most  part,  extremely  small ;  so  that 
their  stmctnre  can  only  be  discovered  with  tbe  microscope, 

135.  Some  of  the  compound  Polypes  are  connected,  not  by  a 
regnlar  stony  or  homy  stem,  but  by  a  sponge-like  mass  ;  and  its 
resemblance  to  these,  in  regard  to  whose  animal  character  there 
can  be  no  doubt,  is  one  of  the  most  satisfactory  reasons  for 
plaong  the  class  of  Porifeba,  or  the  Sponge  tribe,  in  tbe  animal 
kingdom.  With  the  general  Btmoture  of  tbe  common  sponge 
every  one  is  acqniunted.  It  consists  of  a  net-work  of  bomy, 
daatic  fibres ;  but  this  is  only  the  tJteteUm  of  the  animal ;  for  in 
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the  living  aUte,  this  net-work  ia  covered  with  ft  gtiUtinooa  flesh, 
*  so  soft  that  it  draine  away  when  the 
sponge  ia  taken  out  of  the  water.  The 
masa  is  traversed,  however,  by  a 
great  number  of  canala ;  which  may 
be  said  to  commence  in  the  am^ 
poree  upon  its  snrfoce,  and  which 
dlscliorge  themselves  into  the  wide 
canals  that  terminate  in  the  large 
orifices  or  vents,  which  usually  project  more  or  lesa  from  the 
surface  of  the  sponge.  Through  this  system  of  canals,  there 
is  continually  taking  place,  during  the  living  state  of  the  animal, 
(if  animal  it  may  be  called,)  a  circulation  of  water,  which  is 
drawn  in  from  without,  through  the  minute  pores,  then  passes 
into  the  targe  canals,  and  is  ejected  in  a  constant  stream  from 
the  vents.  Of  the  immediate  caute  of  this  movement,  no  satis- 
factory account  has  yet  bees  ^ven ;  no  cilia  can  be  seen,  with 
the  most  powerful  microscopes,  to  tine  the  canals ;  and  it  ia 
certain  that  no  movement  of  the  sponge  itself  has  anything  to  do 
with  it.  But  the  purpote  of  this  extraordinary  circulation,  is 
evidently  to  convey  to  the  animal  the  nutriment  which  it  requires, 
and  to  carry  off  the  matter  which  it  has  to  reject.  No  distinct 
indications  of  sensation,  or  of  power  of  voluntary  motion,  have 
been  seen  in  Uie  sponge ;  so  that  it  baa  no  definite  claim  to  a 
place  in  tlie  animal  kingdom,  beyond  that  which  it  derives  from 
its  analogies  of  structure,  and  from  the  movement  of  the  gertns 
by  which  it  ia  reproduced.  These,  like  tlie  germs  of  the  polypes, 
swim  freely  about  for  some  lime  before  fixing  themselves,  by  the 
action  of  the  cilia  with  which  they  are  covered. 

136.  No  allusion  has  yet  been  made  to  tlie  very  interesting 
and  important  class  which  includes  those  AnimalculM  that  do 
not  belong  to  the  class  Rotifera.  It  seems  impossible  to  arrange 
them  under  any  of  the  great  general  dividons  of  the  animal  king- 
dom ;  for,  whilst  they  appear  to  correspond  in  simplicity  of  struc- 
ture with  tbe  lowest  of  the  intestinal  worms,  or  of  the  polypes, 
their  variety  of  form  ia  such,  that  they  cannot  be  regarded  as  either 
articulated  or  radiated  animals.     Of  tliia  variety,  some  idea  ia 
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given  by  Fig.  74 ;  although  the  number  of  different  forms  there 
represented  is  very 
smalL  They  are 
heings  of  extreme 
minateness,  distin- 
guishable enly  with  ^  -  —  ^*^'^  ^^^^  " 
the  microscope ; 
their  bodies  seem 
to  be  of  jelly-like 

softness.  thoutfh  ^'^*  79.— Itirvmnv  Animalcul«8. 

^^  .    ^       I.  Monads;  u.  TracheliB  anas.     iii.  Enchelis,  discharging 

they  are  sometimes    feoal  matter ;  it.  Paramflecium ;  v.  Kolpoda ;  vi.  Tracbelis 

covered  by  a  sheath  '««'*^»*'*«- 

of  homy  or  even  siliceous  (flinty)  matter ;  and  their  transpa- 
rency is  such,  that  everything  which  goes  on  in  their  interior 
can  be  distinctly  seen.  Yet  there  is  considerable  difference 
of  opinion  amongst  observers  as  to  their  internal  structure. 
It  is  admitted  on  all  hands  that  they  have  a  mouth,  or  aperture, 
for  the  admission  of  food ;  and  in  general  a  second  aperture  for 
the  rejection  of  that  which  has  to  be  cast  out :  and  that  food  is 
conveyed  into  the  mouthby  the  action  of  the  cilia  which  surround 
it.  But  there  is  considerable  doubt,  whether  it  then  passes  into 
a  regnlar  intestinal  tube,  from  which  a  series  of  little  bags  or 
stomachs  open  off;  or  whether  it  floats  loosely  in  the  general 
cavity  of  the  body.  The  former  is  the  view  adopted  by  the 
celebrated  Prussian  naturalist,  Ehrenberg,  who  has  devoted 
several  years  to  the  study  of  animalcules ;  and  who  has  on  this 
account  named  the  class  Polygastriga,  or  many-siomached  Ani- 
malcules. The  latter  is  the  doctrine  more  generally  entertained; 
and  the  question  still  remains  to  be  decided. 

137.  These  animalcules  afford  objects  of  never-ending  inte- 
rest to  the  microscopic  inquirer.  The  variety  of  their  forms, 
the  rapidity  of  their  movements,  (which  are  accomplished  by  the 
action  of  their  ct/ui,)  their  vast  numbers,  their  quickness  of  mul- 
tiplication, and  the  facility  with  which  they  may  be  studied,  (for 
there  is  not  a  ditch,  a  stagnant  pool,  or  a  vessel  of  water  in 
which  organic  matter  has  remained  for  a  few  days,  that  does  not 
contain  some  of  them,)  concur  to  excite  and  to  keep  up  the  atten- 

i2 
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tion  of  aU,  who  have  even  but  an  ordinary  share  of  curiosity 
regarding  the  wonders  of  nature. 

138.  We  thus  conclude  our  general  survey  of  the  Animal 
Kingdom ;  which,  it  is  hoped,  will  be  found  to  answer  the  pur- 
pose for  which  it  was  designed,  that  of  giving  such  an  amount 
of  preparatory  knowledge  respecting  the  different  forms  of  animal 
structure,  as  may  enable  even  the  beginner  to  comprehend  all 
that  will  hereafter  be  stated  of  their  ph3rmological  actions.  At 
any  rate,  even  this  brief  and  imperfect  sketch  will  have  proba- 
bly served  to  extend  the  reader'^s  acquaintance  with  the  almost 
endless  variety  of  tribes  with  which  our  globe  is  peopled;  whilst 
it  leads  him,  at  the  same  time,  to  the  perception  of  the  Unity  of 
that  Design  by  which  they  were  all  formed  at  first,  and  by 
which  the  various  parts  they  were  destined  to  perform  in  the 
grand  and  harmonious  concert  of  Nature  were  assigned  to  them. 
Tliese  parts  they  have  continued  to  perform,  without  jarring  or 
discordance ;  every  class  having  its  own  operations  to  efiect,  its 
own  destination  to  fulfil,  and  all  being  so  connected  together, 
that  none  could  fail  in  its  operation,  without  disturbing  the 
whole.  Who  but  an  Almighty  and  All- wise  Creator  could  have 
effected  this ;  and  who  but  an  All-beneficent  Father  could  have 
so  arranged  it,  as  to  praduce  that  universal  happiness  and  enjoy- 
ment which  we  daily  see,  wherever  the  evil  tendencies  of  Man 
have  not  interfered  ? 


CHAPTER  III. 

NATURE  AND  SOURCES  OF  ANIMAL  POOD. 

139.  Before  we  examine  the  nature  of  the  process  by  which 
the  food  of  animals  is  prepared  for  absorption  into  their  bodies, 
it  win  be  desirable  to  consider  the  characters  of  the  aliment  itself, 
and  the  purposes  to  which  it  is  to  be  applied.  Strictly  speaking, 
the  term  aliment  may  be  applied  to  all  those  substances,  which, 
when  introduced  into  the  living  body,  contribute  to  its  growth, 
or  to  the  repair  of  the  losses  which  it  is  continually  sustaining. 
Thns,  water  and  air  may  be  called  aliments.  But,  in  general,  the 
term  is  used  in  a  less  eztensiye  sense,  being  confined  to  those 
materials  which  are  absorbed  and  applied  to  the  purposes  of 
nutrition  only  after  undergoing  the  process  of  digestion :  and 
in  this  sense  it  will  be  here  employed.  Aliments  are  not  less 
necessary  to  the  support  of  life  than  the  air  which  we  breathe, 
or  than  the  water  which  our  bodies  are  continually  absorbing, 
either  from  the  fluid  we  drink  or  from  the  vapour  of  the  atmo- 
sphere. When  animab  are  deprived  of  food,  we  see  their  bodies 
progreflsively  diminishing  in  bulk,  their  strength  decreases,  and 
death  at  last  takes  place,  after  sufierings  more  or  less  prolonged. 

140.  The  demand  of  the  body  for  food  is  made  known  by  a 
peculiar  sensation,  which  has  its  seat  in  the  stomach,  namely, 
kun^^.  It  is  increased  by  ezerdse,  by  the  stimulating  influ- 
ence of  a  moderately -cold  temperature,  and  by  the  action  of  cer- 
tain substances  (which  are  known  in  medicine  under  the  name 
of  Umics)  upon  the  stomach  and  general  system.  On  the  con- 
trary, eTer3rthing  which  tends  to  retard  the  operations  of  life, 
such  as  bodily  and  mental  inactivity,  sleep,  &c.,  tend  also  to 
render  the  demand  for  food  less  imperious.     Animals  which  pass 
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the  winter  in  a  state  of  torpidity,  require  no  food  during  the 
whole  continuance  of  their  lethargy ;  and  cold-blooded  animals, 
particularly  Reptiles,  can  sustain  a  very  prolonged  abstinence ; 
especially  when  the  general  activity  of  their  functions  is  kept 
down  by  a  low  temperature.  But  warm-blooded  animals,  whose 
vital  operations  are  performed  with  activity  and  energy,  require 
a  much  more  constant  supply  of  nourishment,  and  consequently 
perish  sooner  when  deprived  of  it.  This  is  the  case  with  Man 
and  the  Mammalia,  and  still  more  with  Birds,  whose  tempe- 
rature is  higher,  and  whose  movements  are  more  active  and  ener- 
getic. It  is  also  more  the  case  with  young  animals  than  with 
adults ;  since  in  (he  former  the  changes  in  the  tissues  are  taking 
place,  in  consequence  of  the  increase  they  are  undergoing,  with 
much  more  rapidity  than  they  are  in  the  latter,  the  bulk  of 
whose  bodies  remains  stationary.  Hence,  if  children,  young  per- 
sons, and  adults,  be  shut  up  together,  and  deprived  of  food,  the 
youngest  will  usually  perish  first,  and  the  adults  will  survive  the 
longest.  The  Italian  poet  Dante  has  given  a  terrible  picture  of 
such  an  occurrence,  in  his  history  of  the  imprisonment  of  Count 
Ugolino  and  his  children. 

141.  The  difference  in  the  demand  for  food  between  the 
young  growing  animal  and  that  which  has  arrived  at  maturity 
is  very  remarkable  in  the  case  of  Insects.  There  are  no  animals 
more  voracious  than  the  larva  or  caterpillar ;  and  there  are  none 
that  can  sustain  abstinence,  with  little  diminution  of  their 
activity,  better  than  the  imago  or  perfect  insect.  The  larvaa  of 
the  Flesh-fly,  produced  from  the  eggs  laid  in  carrion,  are  said  to 
increase  in  weight  200  times  in  the  course  of  24  hours ;  and 
their  voracity  is  so  great  as  to  have  caused  Linnaeus  to  assert, 
that  three  individuals  and  their  immediate  progeny  (each  female 
giving  birth  to  at  least  20,000  young,  and  a  few  days  suffidng 
for  the  production  of  a  third  generation)  would  devour  the 
carcase  of  a  horse  with  greater  celerity  than  a  lion.  The  larva 
of  the  Silk-worm  weighs,  when  hatched,  about  1-lOOth  of  a  gnun; 
previously  to  its  first  metamorphosis  it  increases  to  95  grains,  or 
9,500  times  its  original  weight.  The  comparative  weight  of  the 
full-grown  caterpillar  of  the  Goat-moth  to  that  of  the  young  one 
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just  crept  oat  of  the  egg,  is  said  to  be  as  72,000  to  1.  For  this 
enormous  increase  a  very  constant  supply  of  material  is  neces- 
sary, and  many  larvao  perish  if  left  unsupplied  with  food  for 
a  single  day.  On  the  other  hand,  a  black  beetle  (Melasoma)  has 
been  known  to  live  seven  months,  pinned  down  to  a  board ;  and 
another  beetle  (Scarabsaus)  has  been  kept  three  years  without 
food, — and  this  without  manifesting  any  inconvenience  or  loss  of 
activity.  There  are  many  perfect  insects,  which  never  eat  after 
their  last  change,  but  die  as  soon  as  they  have  performed  their 
part  in  the  propagation  of  the  race. 

142.  The  nature  of  the  food  of  animals  is  as  various  as  the 
conformation  of  their  different  tribes.  It  always  consists,  how- 
ever, of  substances  that  have  previously  undergone  organisation. 
There  are  some  apparent  exceptions  to  this,  in  the  case  of  ani- 
mals which  seem  to  derive  their  support,  in  part  at  least,  from 
mineral  matter.  Thus,  the  Spatangtu  (an  animal  allied  to  the^Sea- 
urchin,  §.  128)  fills  its  stomach  with  sand ;  but  it  really  derives 
its  nourishment  from  the  minute  animals  which  this  contains. 
The  Earth-worm  and  some  kinds  of  beetles  are  known  to  swallow 
earth;  but  only  to  obtain  from  it  the  remains  of  vegetable 
matter  that  are  mixed  with  it.  By  some  races  of  Man, 
too,  what  seems  to  be  mineral  matter  is  mixed  v^ith  other 
articles  of  food,  and  is  said  to  be  nutritious ;  this  may  be  bene- 
ficial, in  part,  by  giving  bulk  to  the  aliment,  and  thus  exciting 
the  action  of  the  stomach  (§.  205) ;  but  it  has  been  found,  in  one 
case  at  least,  that  the  supposed  earth  consists  of  the  remains 
(^  animalcules,  and  contains  no  inconsiderable  portion  of  organic 
matter. 

143.  Gold-fish  have  been  known  to  live  and  thrive  in  small 
vessels  of  water  for  two  or  three  years,  and  have  been  said  even 
to  increase  in  weight,  without  any  perceptible  nutriment ;  and 
have  hence  been  supposed  to  live  on  water  and  air  alone.  But, 
if  they  be  not  fed  in  any  other  way,  it  is  requisite  that  the  water 
they  inhabit  should  be  frequently  changed ;  and  as  all  spring 
and  river-water,  and  even  rain-water  collected  in  a  cistern  that 
is  in  the  least  foul,  contains  a  small  quantity  of  organic  matter, 
a  safficient  source  of  their  nutrition  may  be  assigned^  without 
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our  having  recourse  to  such  an  idea.  In  order  to  prove  that  no 
other  nourishment  than  air  and  water  is  required  for  them,  the 
fish  ought  to  be  carefully  kept  in  dittUled  water;  and  this 
should  be  changed  so  frequently,  as  not  to  permit  the  production 
of  any  vegetation  in  it.  For  even  ordinary  water,  exposed  for 
some  time  to  the  air,  will  be  found  to  contain  some  of  the  sim- 
plest kinds  of  cellular  plants, — these  requiring  nothing  more  than 
those  two  elements  for  their  support ;  and  this  growth  will  be 
more  rapid,  when  the  excretions  of  the  fish,  small  though  they 
may  be  in  amount,  give  a  certain  degree  of  foulness  to  the  water, 
which  acts  as  a  manure  to  the  vegetation.  Moreover  it  is  to  be 
remembered  that  Fishes,  being  cold-blooded  animals,  naturally 
require  a  comparatively  small  supply  of  nourishment ;  and  it  is 
said  that  some  of  them,  as  the  perch,  ordinarily  take  food  but 
once  a  fortnight.  These  remarks  are  here  introduced,  to  show 
the  necessity  for  extreme  caution,  in  drawing  what  may  even 
seem  to  be  necessary  inferences  from  facts,  about  which  there 
would  not  appear  to  be  a  possibility  of  doubt  or  mistake. 

144.  Adopting,  then,  as  a  general  principle,  that  all  animals 
require,  as  food,  substances  which  have  already  formed  a  part 
of  some  organised  body— either  vegetable  or  animal— the  first 
division  of  aliments  is  naturally  into  those  which  are  derived 
from  the  two  kingdoms  respectively.  Wherever  Plants  exist,  we 
find  Animals  adapted  to  make  use  of  the  nutritious  products 
which  they  furnish,  and  to  restrain  their  luxuriance  within  due 
limits.  Thus  among  the  Mammalia,  the  Dugong  (an  animal 
having  the  general  form  and  structure  of  the  whale,  but  adapted 
to  a  vegetable  diet)  browses  upon  the  sea-weeds  that  grow 
beneath  the  surface  of  the  tropical  ocean;  the  Hippopotamus 
roots  up  with  his  tusks  the  plants  growing  in  the  beds  of  the 
African  rivers,  and  fills  his  huge  paunch,  not  only  with  these, 
but  with  the  decaying  vegetable  matter  which  he  finds  in  the  same 
situation ;  the  Antelopes,  Deer,  Oxen,  and  other  Ruminants,  crop 
the  herbage  of  the  plains  and  meadows ;  the  Giraffe  is  enabled, 
by  his  enormous  height,  to  feed  upon  the  tender  shoots  which 
are  above  the  reach  of  ordinary  quadrupeds ;  the  Sloths,  living 
entirely  in  trees,  and  banging  from  their  branches,  strip  them 
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completely  of  their  leaves ;  the  Squirrels  extract  the  kernels  of 
the  bard  nuts  and  seeds ;  the  Monkeys  devour  the  soft  pulpy 
fbits ;  the  Boar  grubs  up  the  roots  and  seeds  buried  under  the 
9oiI ;  the  Reindeer  subsists  during  a  large  part  of  the  year  upon 
a  lichen  that  grows  beneath  the  snow,  and  the  Chamois  finds  a 
safficient  supply  in  the  scanty  vegetation  of  Alpine  heights.  Not 
lesB  is  this  the  case  among  Birds ;  but  in  the  classes  of  Reptiles 
and  Fishes,  the  number  of  vegetable-feeders,  and  consequently 
the  Tariety  of  their  food,  is  much  less. 

Ho.  Among  Insects,  a  very  large  proportion  derive  their 
food  entirely  from  plants,  and  many  from  particular  tribes  of 
plants  only;  so  that,  if  from  any  cause  these  should  fail,  the 
nee  may  for  a  time  disappear.  There  is  probably  not  a  species 
of  plant  which  does  not  famish  nutriment  for  one  or  more  tribes 
of  iittects,  either  in  their  larva  state  or  perfect  condition,  and  in 
this  manner  it  is  prevented  from  multiplying  to  the  exclusion  of 
others.  Thus  on  the  oak,  no  less  than  two  hundred  kinds  of 
caterpillars  have  been  estimated  to  feed  ;  and  the  nettle,  which 
scarcely  any  beast  will  touch,  supports  fifty  different  species  of 
ioaects, — but  for  which  check  it  would  speedily  annihilate  all  the 
plants  in  its  neighbourhood.  The  habits  and  economy  of  the 
(iiiferent  races  existing  on  the  same  plant  are  as  various  as  their 
6^ctmre.  Some  feed  only  upon  the  outside  of  the  leaves ;  some 
upon  the  internal  tissue ;  others  upon  the  flowers  or  on  the 
fruit ;  a  few  will  eat  nothing  but  the  bark,  while  many  derive 
ihdr  nourishment  only  from  the  woody  substance  of  the  trunk. 

146.  The  excessive  multiplication  of  certain  tribes  of  Insects 
1^  sometimes  had  the  effect  of  devastating  an  entire  country. 
Thus  the  "  plague  of  locusts  "  is  not  unfirequently  repeated  in 
tn>piGal  countries,  and  is  dreaded  by  the  inhabitants  even  more 
than  an  earthquake.  These  insects  are  of  such  extreme  voracity, 
that  no  green  thing  escapes  them ;  and  when  their  numbers  are 
K  increased,  that  they  fly  in  masses  which  look  like  dark  clouds, 
and  cover  the  ground  where  they  alight  for  miles  together,  it 
niay  be  easily  conceived  that  the  devastation  they  create  must 
produce  incalculable  injury.  The  north  of  Africa  and  the  west 
of  Asia  are  the  countries  most  infested  by  these  pests.     It  is 
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related  hy  Augustin,  that  a  plague,  induced  partly  hj  the 
famine  they  had  created,  and  partly  by  the  stench  occasioned  by 
their  dead  bodies,  carried  o£f  800,000  inhabitants  from  the  king- 
dom of  Numidia  and  the  adjacent  parts.  They  occasionally 
attack  the  south  of  Europe.  It  is  recorded  that  Italy  was 
devastated  by  them  in  the  year  591 ;  and  that  a  prodigious  num- 
ber both  of  men  and  beasts  perished  from  similar  causes, — no 
less  than  30,000  persons  in  the  kingdom  of  Venice  alone.  These 
tremendous  swarms  usually  advance  towards  the  sea  ;  and  being 
there  checked,  and  having  completely  exhausted  the  country 
behind  them,  they  themselves  die  of  famine,  or  are  blown  into 
the  sea  by  a  gale.  In  1784  and  1707)  they  devastated  Southern 
Africa ;  and  it  is  stated  by  Mr.  Barrow  (in  his  Travels  in  that 
country)  that  they  covered  a  surface  of  2,000  square  miles ;  and 
that,  when  cast  into  the  sea  by  a  strong  wind  from  the  north- 
east, and  washed  upon  the  beach,  they  formed  a  line  fifty  miles 
long,  and  produced  a  barrier  along  the  coast  three  or  four  feet 
high ;  and  that,  when  the  wind  again  changed,  the  stench  created 
by  the  putrefaction  of  their  bodies  was  perceived  at  a  distance  of 
150  miles  inland.  A  similar  event  occurred  in  the  Barbary 
States  in  1799,  and  was  followed,  as  in  the  other  cases,  by  a 
plague. 

147.  We  have  occasionally  an  example  of  similar  devasta- 
tion in  our  own  country,  though  on  a  smaller  scale.  Thus,  a 
few  years  ago,  the  turnip -crops  of  some  parts  of  England  were 
almost  entirely  destroyed  by  the  larvsd  of  an  insect  called  the 
turnip-fly.  The  parent  insects  were  seen  buzzing  over  the 
fields,  and  depositing  their  eggs  in  the  plants,  which  they  do 
not  themselves  employ  as  food ;  and  in  a  few  days,  all  the  soft 
portions  of  the  leaves  were  destroyed,  and  nothing  but  the  skele- 
tons and  stalks  were  left.  Some  kinds  of  timber  occaaonally^ 
suffer  to  no  less  an  extent  from  the  devastations  of  insects 
whose  operations  are  confined  to  the  wood,  and  do  not  manifest 
themselves  externally,  until  the  tree  is  seen  to  languish  and  at 
last  to  die.  The  pine-forests  of  the  Hartz  mountains  in  Ckr- 
many,  have  been  several  times  almost  destroyed  by  the  ravages 
of  a  single  species  of  beetle,  less  than  a  quarter  of  an  inch  in 


EXCESSIVB  HULTIPLTCATION  OF  ANIMALS  PRI^VENTED.      1 23 

length.  The  egga  are  deposited  beneath  the  bark  ;  and  the 
l&iTs,  when  hatched,  deTour  the  sap,  wood,  and  inner  bark  (the 
parts  most  concerned  in  the  functions  of  vegetation)  in  their 
neighboarhood.  It  was  estimated  that,  in  the  year  1783,  a 
millioQ  and  a  half  of  pines  were  destroyed  by  this  insect  in  the 
Hartz  alone ;  and  other  forests  in  Qermany  were  suffering  at  the 
same  time.  The  wonder  is  increased  when  it  is  stated  that  as 
many  as  80,000  larvss  are  sometimes  found  on  a  single  tree. 

14S.  But  every  class  in  the  Animal  Kingdom  has  its  carni- 
vorous tribes,  which  are  adapted  to  restrain  the  too  rapid  in- 
crease of  the  vegetable-feeders  (by  which  a  scarcity  of  their  food 
^ould  soon  be  created),  or  to  remove  from  the  earth  the  decom- 
posing bodies  that  might  otherwise  be  a  source  of  disease  or 
annoyaooe.  The  herbivorous  races  are  for  the  most  part  very 
prolific,  and  they  may  very  rapidly  increase  to  such  an  extent 
^  to  produce  an  absolute  famine,  if  tliey  be  not  kept  in  check 
^7  tiie  races  appointed  to  restrain  their  multiplication.  Thus, 
the  mjriads  of  insects  which  find  their  subsistence  in  our  forest 
^rees,  if  allowed  to  increase  without  restraint,  would  soon  destroy 
the  life  that  supports  them,  and  must  then  all  perish  together  ; 
bat  another  tribe  (that  of  the  insectivorous  birds,  as  the  wood- 
I-ecker)  is  adapted  to  derive  its  subsistence  from  them,  and  thus 
t')  keep  their  numbers  within  salutary  bounds.  Their  occa- 
inonal  mnltiplication  to  the  enormous  extent  mentioned  in  the 
preceding  paragraphs,  is  probably  due  in  general  to  the  absence 
"f  the  races  that  should  keep  them  in  check.  This  may  occur 
^m  accidental  causes,  or  may  be  produced  by  the  interference 
^f  Man.  Thus,  a  set  of  ignorant  farmers  have  imagined  that  a 
^^^ghbonring  rookery  was  injurious  to  them,  because  they  saw 
tbe  rooks  hovering  over  the  newly-sown  corn-fields,  and  seeming 
to  pick  the  grains  out  of  the  ground ;  and  having  extirpated  the 
foukery,  they  have  found  in  the  course  of  a  year  or  two,  that 
ihey  have  done  themselves  an  immense  injury, — the  roots  of 
their  com  and  grasses  being  devoured  by  the  grubs  of  cock- 
chafers and  other  insects,  the  multiplication  of  which  was  before 
Pf«Tented  by  the  rooks,  whose  natural  food  they  are. 

H9.    On  the  other  hand,  by  an  intelligent  application  of  this 
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principle,  the  excessive  multiplication  of  insects  has  been  pre- 
Tented  where  it  had  already  commenced.  Thus,  no  means  of 
extirpating  the  larvsd  of  the  turnip-fly  was  found  so  successful, 
as  turning  into  the  fields  a  number  of  ducks,  which  quickly 
removed  them  from  the  plants.  And  in  the  island  of  Mauritius, 
the  increase  of  locusts,  which  had  been  accidentally  introduced 
there,  and  which  were  becoming  quite  a  pest,  was  checked  by 
the  introduction  from  India  of  a  species  of  bird,  the  grakle,  which 
feeds  upon  them.  _ 

150.  Of  the  carnivorous  tribes  themselves,  however,  the 
increase  might  be  so  great  as  to  destroy  all  the  sources  of  their 
food,  were  it  not  that  they  are  kept  in  check  by  others,  larger 
and  more  powerful  than  themselves,  which,  not  being  prolific, 
are  not  likely  ever  to  gain  too  great  a  power.  Thus,  among 
birds,  the  eagles,  faleons,  and  hawks  rear  only  two  or  three  young 
every  year,  whilst  many  of  the  smaller  birds  produce  and  bring 
up  four  or  five  times  that  number.  The  following  is  a  curious 
instance  of  the  system  of  checks  and  counterchecks,  by  which  the 
*^  balance  of  power"  is  maintained  amongst  the  different  races. 
A  particular  species  of  moth  has  the  fir-cone  assigned  to  it  for 
the  deposition  of  its  eggs,  the  young  caterpillars,  coming  out  of 
the  shell,  consume  the  cone  and  superfluous  seed ;  but,  lest  the 
destruction  should  be  too  great,  another  insect  of  the  ichneumon 
kind  lays  its  eggs  in  the  caterpillar,  inserting  its  long  tail  in  the 
openings  of  the  cone,  until  it  touches  the  included  insect, — ^ita 
own  body  being  too  large  to  enter.  Thus  it  fixes  upon  the 
caterpillar  its  minute  egg,  which,  when  hatched,  destroys  it. 

151.  The  peculiarity  of  the  agency  of  insects,  in  the  economy 
of  nature,  consists  in  their  power  of  very  rapid  multiplication,  in 
order  to  accomplish  a  certain  object,  and  then  in  their  as  rapidly 
d3nng  off.  In  this  respect  they  resemble  the  Fungi  among  plants ; 
and  the  observations  elsewhere  made  in  regard  to  these  (Ybobt. 
Phys.  §.  64),  may  be  referred  to  as  illustrating  the  character  of 
their  operations. 

152.  An  attempt  has  been  made  to  show  that  herbivoroi» 
animals  are  more  dependent  upon  a  constant  supply  of  food  than 
camiYorous  species ;  and  that  domesticated  animals  support  ab- 
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sibenoe  less  easily  than  wild  ones.  But  these  statements,  though 
true  in  general,  do  not  by  any  means  constantly  hold  good.  It 
would  probably  be  more  correct  to  state,  that,  in  proportion  to  the 
facility  with  which  each  species  obtains  its  food,  will  be  its  inability 
to  lire  long  without  it.  Thus,  among  the  larr®  of  insects,  those 
thftt  feed  upon  yegetables  or  dead  animal  matter  (in  the  neigh- « 
boorhood  of  which  their  eggs  are  usually  deposited  by  the  parent) 
speedily  die  if  placed  out  of  reach  of  their  aliment ;  whilst  those 
tbit  lie  in  wait  for  living  prey,  the  supply  of  which  is  uncertain, 
iK  able  to  endure  a  protracted  abstinence,  even  to  the  extent  of 
ten  weeks,  without  injury.  Again,  the  camiTorous  birds  and 
mammalia  are  generally  able  to  exist  for  some  time  without  food ; 
tbeir  natural  habits  leading  them  to  glut  themselves  upon  the 
carcase  of  the  animal  they  have  destroyed,  in  such  a  manner  as 
to  prevent  them  from  requiring  any  new  supply  for  some  time. 
Thns  the  Wild  Gat  has  been  kept  twenty  days  without  food ;  the 
Dog  has  lived  for  thirty-six  days  in  the  same  circumstances,  and 
the  Eagle  for  a  similar  period.  But  some  herbivorous  animals, 
such  as  the  Camel  and  the  Antelppe,  whose  habits  are  such  as  to 
keep  them  ont  of  the  reach  of  food  for  several  days  together,  are 
able  to  endure  a  similar  abstinence ;  whilst  among  the  insectivo- 
rous Mammalia,  which  naturally  take  food  often,  and  but  little 
at  a  time,  the  power  of  abstinence  is  much  less, — the  Mole,  for 
instance,  perishing  in  confinement,  if  not  fed  once  a  day,  or  even 
more  frequently. 

153.  We  have  next  to  consider  the  di£Ferent  substances  used 
as  food,  in  regard  to  their  chemical  composition,  and  to  inquire 
for  what  purposes  in  the  nutrition  of  the  body  they  are  respect- 
ively destined.  The  Vegetable  tissues,  as  explained  elsewhere 
(V^EGFF.  Phyb.  Chap.  VI.)  are  made  up  of  the  three  ingre- 
dients, oxygen,  hydrogen,  and  carbon,  alone;  and  the  proportions 
of  these  ingredients  are  very  nearly  the  same  as  those  which 
exist  in  starch,  gum,  and  sugar  ;  into  which,  indeed,  they  may 
l>e  converted  by  a  simple  chemical  process.  Hence  all  alimentary 
snbstanoes  of  this  kind  may  be  included  in  a  group,  to  which  we 
naj  give  the  name  of  saccharine  (sugary).  But  in  many  vege- 
table sabstances  used  as  food,  there  is  a  considerable  quantity  of 
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oily  matter,  stored  up  in  cells ;  and  the  same  kind  of  matter 
constitutes  the  principal  part  of  the  fat  of  animals.  Of  these 
oily  and  fatty  matters,  also,  the  chemical  elements,  oxygen, 
hydrogen,  and  carbon,  are  the  only  ingredients ;  but  they  are  com> 
bined  in  proportions  different  from  the  last,  the  two  latter  pre- 
,  dominating  considerably.  Hence  they  constitute  another  group 
of  alimentary  materials ;  to  which  the  term  oleaginous  may  be 
given.  Lastly,  most  Vegetables  contain,  in  greater  or  less  amount, 
certain  compounds,  which  consist  of  the  four  elements,  oxygen, 
hydrogen,  carbon,  and  nitrogen,  of  which  the  animal  tissues  are 
composed.  These  compounds  do  not  form  part  of  the  vegetable 
titsuei^  but  are  laid  up  in  their  cavities ;  they  exbt  most  largely 
in  the  corn-grains,  and  also  in  the  seeds  of  the  pea  and  beao 
tribe;  but  there  are  few  substances  used  as  food  by  animals,  that 
do  not  contain  them  in  some  small  amount.  The  gbden  of 
wheat,  the  legumen  of  peas,  and  other  vegetable  substances  of 
this  kind,  together  with  the  flesh  of  animals — ^the  composition  of 
which  is  identical  with  theirs — are  united  into  a  third  group,  to 
which  the  name  alhuminoua  is  given.  We  cannot  properly 
include  in  this  group,  however,  the  gdatinout  portions  of  the  ani- 
mal tissues,  which  exist  largely  in  gristle,  bone,  the  skin,  and 
other  parts;  because  gelatin  (the  substance  that  forms  gloe) 
though  it  agrees  with  albumen  in  being  made  up  of  the /our  in- 
gredients just  named,  differs  from  it  extremely  in  the  proportionH 
of  those  elements  (§.  21) ;  so  that,  although  there  is  good  reason  to 
believe  that  gelatin  may  be  formed  out  of  albumen,  it  does  not 
seem  that  albumen  and  fibrin  can  be  formed  out  of  gelatin.  Hence 
we  must  consider  the  gelatinous  compounds  separately. 

154.  Of  these  four  groups,  the  last  two  are  distinguished  as 
including  all  the  azotized  compounds,  or  substances  that  contain 
<izot0  or  nitrogen ;  whilst  the  first  two  are  spoken  of  as  non- 
azotizedy  being  destitute  of  this  element.  The  distinction  is 
a  very  important  one ;  and  must  be  kept  steadily  in  view,  in 
considering  the  ultimate  destination  of  each  kind  of  food.  The 
aasotized  compounds  alone  can  be  applied  without  change  to  the 
nutrition  and  re-formation  of  the  animal  tissues.  The  non-aio- 
tized  substances  must  be  destined,  either  to  undergo  important 
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duu^es  within  the  animal  hody^  or  to  be  thrown  off  from  it 
again,  without  ever  actually  forming  part  of  its  organised  struc- 
tore.  In  reference  to  this  statement,  the  distinction  between 
the  arffanucOum  of  a  substance,  and  the  simple  depontian  of  it  in 
the  midst  of  an  organised  tissue,  must  not  be  lost  sight  of;  thus 
the  mineral  particles  which  enter  into  the  composition  of  the 
vegetable  tissnes  (Yeoet.  Phys.  §.  170)  retain  Uieir  crystalline 
ehaiacter,  and  may  be  separated  unchanged  from  the  oiganic 
matter  with  which  they  are  associated.  Again,  it  has  been 
pointed  ont  that  the  oily  matter  of  fat  cannot  be  said  to  be  part 
of  ibe  organised  structure,  being  merely  stored  up  in  cells,  from 
which  it  may  be  remoTcd  without  any  change  in  its  own 
natore  (§.  44).  Hence  the  oily  matter  taken  in  as  part  of 
the  food,  (whether  it  be  derived  from  animals  or  plants,)  and 
deposited  in  fat,  cannot  be  regarded  as  ever  becoming  organised. 
155.  Now  in  regard  to  the  non-azotized,  or  the  ictceharine 
and  oUaginoiLi  groups  of  alimentary  substances,  it  appears  to  be 
an  established  fact,  that  none  of  the  higher  animals  can  be  per- 
manently supported  upon  them  alone.  Thus,  dogs  that  have 
been  fed  on  sugar  and  starch  only,  do  not  survive  long ;  and  it 
is  evident,  before  their  death,  that  their  tissues  are  gradually 
undergoing  decay.  It  has  been  thought  that  such  results  might 
be  partly  explained  upon  the  fact^  that  animals  fed  upon  one 
simple  substance  soon  become  disgusted  with  it,  and  will  even 
refnse  it  altogether;  but  the  experiments  have  been  repeated 
with  a  combination  of  various  non-azotised  substances,  and  the 
same  result  has  occurred.  Still  it  would  appear  too  much  to 
say,  as  some  have  done,  that  these  substances  do  not  contribute, 
in  any  degree,  to  the  nutrition  of  the  animal  tissues ;  since  there 
is  evidence  that,  even  in  the  highest  animals,  a  production  of 
albumen  takes  place  in  the  chyle,  at  the  expense  of  fatty  matter 
(§.  222);  and  there  are  several  facts  which  seem  to  show  that 
may,  for  a  time  at  least,  thrive  upon  saccharine  sub- 
only.  Thus  gum  forms  an  important  article  of  diet  in 
Arabia  and  Senegal,  where  it  is  produced  largely  by  trees  of  the 
Acacia  tribe,  and  is  collected  for  the  supply  of  Europe.  Those 
who  gather  it  live  for  a  time  almost  entirely  upon  it ;  and  six 
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ounces  have  proved  sufficient  to  support  an  adult  for  twenty- 
four  hours.  It  is  on  record,  that  a  caravan  crossing  the  desert, 
preserved  themselves  from  famine — their  provisions  being  ex- 
hausted— hy  eating  the  gum  arabic  which  formed  part  of  the 
merchandise  they  were  transporting.  In  like  manner,  the 
Negroes  employed  in  the  cultivation  of  sugar,  are  in  the  habit  of 
taking  large  quantities  of  cane-juice  during  the  crop  season ;  and 
it  seems  not  only  to  make  them  plump,  but  to  improve  their 
vigour.  Again,  the  potatoes  which  form  the  principal  food  of 
the  Irish  peasantry,  and  the  rice  on  which  some  of  the  Hindoo 
races  live  almost  exclusively,  consist  almost  entirely  of  starchy 
matter.  But  a  still  more  important  ^act  is  that  which  is 
familiar  to  those  who  have  experimented  on  the  habits  and 
economy  of  Bees ; — namely,  that  these  insects  will  live  for  almost 
any  length  of  time,  confined  to  their  hives,  and  forming  wax 
and  honey,  when  fed  with  pure  syrup  alone.  It  is  possible  that 
the  peculiar  energy  of  their  respiration  enables  them  to  combine 
the  asBote  of  the  air,  with  their  non-azotized  food,  in  a  degree 
sufficient  for  their  wants;  which  certainly  cannot  be  done  for  a 
continuance  by  any  of  the  higher  animals. 

1 56.  The  question  whether  substances  of  the  saccharins  gtom 
can  be  converted,  in  the  animal  body,  into  oUaginout  compounds, 
is  one  at  present  under  discussion  amongst  chemists.  There 
would  seem  many  arguments  in  favour  of  tliis  view,  which  cannot 
easily  be  explained  away.  Of  this  kind  are  the  formation  of  wax 
(a  fatty  matter)  by  bees  from  sugar  only ;  the  fattening  of  the 
negroes  when  they  drink  largely  of  the  saccharine  cane-juice; 
and  the  discharge  of  a  laige  quantity  of  fatty  matter  (butter)  in 
the  milk  of  a  cow  that  is  fed  upon  starchy  matters.  If  we  adimit 
that  such  may  be  the  case,  we  are  enabled  to  explain  the  desti- 
nation of  the  alimentaiy  substances  of  the  saccharine  group  better 
than  we  can  otherwise  do ;  for  they  cannot  be  recognised  ai  suck 
either  in  the  chyle  or  blood ;  but  a  considerable  quantity  of  fatty 
matter  exists  in  both,  to  the  formation  of  which  they  seem  to 
contribute. 

157.     But  if  these  non-azotized  compounds,  which  exist  so 
largely  in  the  food  of  herbivorous  animals,  are  not  destined  to 
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fonn  part  (in  any  considerable  degree  at  least)  of  their  tissues, 
the  qnestion  again  arises, — what  becomes  of  them  ?  It  is  not 
enough  to  say  that  they  are  deposited  as  fat ;  since  it  is  only 
when  a  large  quantity  of  them  is  taken  in,  that  there  is  any 
increase  in  the  quantity  of  fat  already  in  the  body.  We  shall 
hereafter  see  that  they  are  used  up  in  the  process  of  respiration, 
one  great  object  of  which  is,  to  produce  a  certain  amoimt  of  heat, 
sufficient  to  keep  up  the  temperature  of  the  body,  in  warm- 
blooded animals,  to  a  high  standard.  We  might  almost  say  with 
truth,  that  a  great  part  of  the  oleaginous  and  saccharine  principles 
is  humed  within  the  body,  for  this  purpose.  The  process  will  be 
hereafter  considered  more  in  detail  (Chap,  yi.)  ;  and  at  present 
we  need  only  stop  to  remark  upon  the  adaptation  between  the 
food  proTided  for  animals  in  different  climates,  and  the  amount 
of  heat  which  it  is  necessary  for  them  to  produce.  Thus  the 
bears,  and  seals,  and  whales,  from  which  the  Esquimaux  and  the 
Greenlander  derive  their  support,  have  an  enormous  quantity  of 
hi  in  their  massive  bodies  :  this  fat  is  as  much  esteemed  as  an 
article  of  food  among  these  people,  as  it  would  be  thought  repul- 
nve  by  the  inhabitants  of  southern  climates ;  and  by  the  large 
quantity  of  it  they  consume,  they  are  able  to  support  the  bitter- 
ness of  an  Arctic  winter,  without  appearing  to  suffer  more  from 
the  extreme  cold,  than  do  the  residents  in  more  temperate  climes 
dnzing  ihdr  winter.  On  the  other  hand,  the  antelopes,  deer,  and 
wfld  cattle,  which  form  a  large  proportion  of  the  animal  food  of 
savage  or  half-cultivated  nations  inhabiting  tropical  regions,  pos- 
sess very  little  fat ;  and  the  comparatively  small  supply  of  carbon 
and  hydrogen,  of  which  the  combustion  is  required  to  keep  up 
the  bodily  temperature  of  the  inhabitants  of  those  regions,  is  de- 
rived from  the  Jieih  of  these  animals,  in  the  manner  that  will  be 
presently  explained. 

1 58.  The  application  of  the  substances  forming  the  albuminoui 
group,  to  the  support  of  the  animal  body,  by  affording  the  mate- 
rials for  the  nutrition  and  re-formation  of  its  tissues,  needs  little 
explanation.  The  proportions  of  the  four  ingredients  of  which 
they  are  all  composed,  are  so  nearly  the  same,  that  no  essential 
difference  appears  to  exist  among  them ;  and  it  is  a  matter  of 
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little  consequence,  except  as  far  as  the  gratification  of  the  palate 
IS  concerned,  whether  we  feed  upon  the  flesh  of  animals  (fibrin), 
upon  the  white  of  egg  (albnmen),  the  curd  of  milk  (casein),  the 
grain  of  wheat  (gluten),  or  the  seed  of  the  pea  (legumin).  All 
these  substances  are  reduced  in  the  stomach  to  the  form  of  o/^u- 
men ;  which  resembles  the  gum  of  plants  in  being  the  raw  mate- 
rial, as  it  were,  out  of  which  the  various  fabrics  of  the  body  are 
constructed.  But  the  rule  holds  good,  with  regard  to  these  also, 
that  by  being  made  to  feed  constantly  on  the  same  substance, — 
boiled  white  of  egg  for  instance,  or  meat  deprived  of  the  principle 
that  gives  it  flavour, — an  animal  may  be  effectually  starved  ;  its 
disgust  at  the  food  being  such,  that  even  if  it  be  swallowed,  it  is 
not  digested.  It  is  very  interesting  to  remark  that,  in  the  only 
instance  in  which  Nature  has  provided  a  tingU  article  of  food  for 
the  support  of  the  animal  body,  she  has  mingled  articles  from  all 
the  three  preceding  groups.  This  is  the  case  in  mUk;  which 
contidns  a  considerable  quantity  of  an  albuminous  substance, 
eoiein^  which  forms  its  curd ;  a  good  deal  of  o«/y  matter,  the 
butter ;  and  no  inconsiderable  amount  of  tti^ar,  which  is  dissolved 
in  the  v^hey.  The  proportions  of  these  vary  in  difiWent  Mam- 
malia ;  and  they  depend  in  part  upon  the  nature  of  the  food 
supplied  to  the  animal  that  forms  the  milk ;  but  the  substances 
are  thus  combined  in  every  instance. 

159.  Although  the  greater  part  of  the  organised  tissue  61 
animals  is  formed  at  the  expense  of  the  albumen  and  fibrin  of 
their  blood,  yet  many  of  them  also  contain  a  large  quantity  of 
gelatin.  It  seems  certain  that  this  gelatin  may  be  produced  ont 
of  fibrin  and  albumen ;  since  in  animals  that  are  supported  on 
these  alone,  the  nutrition  of  the  gelatinous  tissues  does  not  seem 
to  be  impaired.  But  it  also  appears  that  gelatin  taken  in  as 
food  may  be  applied  to  this  purpose ;  for  ordinary  experience 
shows  that  benefit  is  derived  from  jelly,  soup,  broth,  ice. ; 
peculiarly  by  persons  who  have  been  suffering  under  exhausting 
diseases,  such  as  fevers.  But  it  also  appears  certain,  that  it  can- 
not be  applied  to  the  nutrition  of  the  albuminous  tissues.  Some 
important  experiments  have  been  recently  made  in  Paris  on  this 
subject ;  with  a  view  of  determining  how  far  the  soup  made  from 
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ernahed  bonee,  which  oonsiituied  a  prinoipal  article  of  diet  in  the 
hospitals  of  Paris,  was  adequate  for  the  support  of  the  patients* 
The  result  of  these  has  been  quite  confirmatory  of  preyioua 
eoDclosions, — -namely,  that  gelatin  may  be  adyantageously  mixed 
with  albumen,  fibrin,  gluten,  &c.,  and  those  other  ingredients 
which  exist  in  meat-soup  and  bread ;  but  that,  when  taken  alone, 
it  has  little  more  power  of  sustaining  life  than  sugar  or  starch 
possesses ;  and  that,  even  when  bread  is  united  with  the  gelatin- 
aoQp,  it  does  not  give  it  the  requisite  power  of  nutrition. 

160.  It  has  been  ahready  stated  (§.  53,  54)  that  all  the 
KTUg  tissues  of  the  body  are  continually  undergoing  a  sort  of 
death  and  decay ;  and  that  they  do  this  the  more  rapidly,  in 
proportion  as  they  are  called  upon  for  the  discharge  of  their 
fanctionB.  This  is,  consequently,  the  chief  source  of  the  con- 
stant demand  for  aliment,  capable  of  replacing  that  which  has 
been  lost  Even  in  young  actively-growing  animals,  the  quantity 
of  aliment  required  for  the  increase  of  their  bodies,  constitutes 
but  a  very  small  proportion  of  that  which  is  taken  in ;  of  the 
remainder,  a  part  is  at  once  rejected  as  indigestible ;  and  the 
rest  is  appropriated  to  the  repair  of  the  watte  which  is  continually 
going  on.  This  waste  is  much  greater  in  young  animals  than  in 
adults;  for  all  their  vital  processes  are  more  actively  and 
energetically  performed ;  their  movements  are  quicker  in  pro- 
portion to  their  size ;  and  injuries  are  more  speedily  repaired. 
Now  of  this  waste,  the  chief  part  is  carried  out  of  the  body  by 
the  various  processes  of  excretion;  and  among  these,  the 
rwpwv^ion,  by  which  a  large  quantity  of  carbon  and  hydrogen 
is  carried  off  in  the  form  of  carbonic  acid  and  water,  is  of  the 
most  constant  importance,  on  account  of  the  heat  which  it  thus 
enables  the  animal  body  to  maintain.  This  temperature,  iu 
Carnivorous  animals,  appears  to  be  safficiently  kept  up  by  the 
combustion  of  the  carbon  and  hydrogen,  set  firee  by  the  decay 
(or  metamorphosis,  as  it  may  be  termed)  of  their  tissues ;  but 
this  combustion  goes  on  with  much  more  rapidity,  in  conse- 
quence of  their  almost  unceasing  activity,  than  it  does  in  the 
Herbivorous  animals,  which  lead  comparatively  inactive  lives. 
Every  one  who  has  visited  a  menagerie  must  have  noticed  the 
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continual  restlessness  of  the  Tigers,  Leopards,  Hyeenas,  &c.,  which 
keep  pacing  from  one  end  of  their  narrow  cages  to  the  other ; 
and  it  would  seem  as  if  this  restlessness  were  a  natural  instinct, 
impelling  them  to  use  muscular  exertion  sufficient  for  the 
metamorphosis  of  an  adequate  amount  of  tissue,  that  enough 
carhon  and  hydrogen  may  he  set  free  for  the  support  of  the 
respiratory  process.  And  we  see  a  corresponding  activity  in  the 
human  hunters  of  the  swift-footed  antelope  and  agile  deer,  which 
answers  a  similar  purpose ;  and  which  is  remarkably  contrasted 
with  the  stupid  inertness  of  the  inhabitants  of  the  fingid  zone, 
which  is  only  occasionally  interrupted  by  the  necessity  of  securing 
the  supplies  of  food  afforded  by  the  massive  tenants  of  their  seas. 
161.  The  nutrition  of  the  Carnivorous  races  may,  then,  be 
thus  described.  The  bodies  of  the  animals  upon  which  they 
feed  contain  flesh,  fat,  &c.,  in  nearly  the  same  proportion  as  their 
own ;  and  all,  or  nearly  all,  the  aliment  they  consume,  goes  to 
supply  the  waste  in  the  fabric  of  their  own  bodies,  being  con- 
verted into  its  various  forms  of  tissue.  After  having  remained 
in  this  condition  for  a  certain  time,  varying  according  to  the  use 
that  is  made  of  them,  these  tissues  undergo  another  metamor* 
phosis,  which  ends  in  restoring  them  to  the  condition  of  inoiganic 
matter ;  and  thus  give  back  to  the  mineral  world  the  materials 
which  were  drawn  from  it  by  plants.  Of  these  materials,  part 
are  burned  off,  as  it  were,  within  the  body,  by  union  with  the 
oxygen  of  the  air,  taken  in  through  the  lungs ;  and  they  are  dis- 
charged from  these  organs  in  the  form  of  carbonic  acid  and 
water :  the  remainder  are  carried  off  in  the  liquid  form  by  other 
channels.  Hence  we  may  briefly  express  the  destination  of  their 
food  in  the  following  manner : — 


Food  consiitiog  ofl  r  T  *vl         1 

albumen,  fibrin,    «tnw«rtP«i   I  »  .    I 

and  other  azo- 


tiwd  compounds 


JCarbonicacid  ted 
water,  thrown  off 


r  Living     1        and  thii 
int""^  I  or8f^°^*®^    >  metamorphosed  4 


conyerted 

<  on, ^ 

tissue    J  into 


*.< 


Jby  respiration. 
Urea  and  Inliarj 
matter,  fte., 
thrown  off  bj 
other  excretioos. 


162.    But  in  regard  to  the  Herbivorous  animals,  the  case  is 
different.     They  perspire  much   more  abundantly,   and   their 
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temperature  is  thus  continually  kept  down  (Chap.  viii.).  They 
consequently  require  a  more  active  combustion,  to  develope  suf- 
ficient bodily  heat ;  and  the  materials  for  this  are  supplied,  as 
we  have  seen,  by  the  non-azotised  portions  of  their  food,  rather 
than  by  the  metamorphosis  of  their  own  tissues,  which  takes 
place  with  much  less  rapidity  than  in  the  carnivorous  tribes. 
Hence  we  may  thus  express  the  destination  of  this  part  of  their 
food ;  that  of  the  azotised  matter,  here  much  smaller  in  amount, 
will  be  the  same  as  in  the  preceding  case. 

Search,  oil,  and  "I  partly  f  Fattj  and  I  but  chiefly  f  Carbonic  acid  and  water, 
other  non-azo-  V  converted  <  other  animal  v  thrown  ofF-<  diBengaged  by  the  reapi* 
tited  compounds  J      into       I,       tissnea      J  directly  aa  i  latory  process. 

The  proportion  of  the  food  deposited  as  fat,  will  depend  in  part 
upon  the  surplus  which  remains,  after  the  necessary  supply  of 
materials  has  been  afforded  to  the  respiratory  process.  Hence, 
the  same  quantity  of  food  being  taken,  the  quantity  of  fat  will 
be  increased  by  causes  that  check  the  perspiration,  and  otherwise 
preyent  the  temperature  of  the  body  from  being  lowered,  so  that 
there  is  need  of  less  combustion  within  the  body  to  keep  up  its 
heat.  This  is  consistent  with  the  teachings  of  experience  re- 
specting the  fattening  of  cattle ;  for  it  is  well  known  that  this 
may  be  accomplished  much  sooner,  if  the  animals  are  shut  up  in 
a  warm  dwelling  and  are  covered  with  cloths,  than  if  they  are 
freely  exposed  in  the  open  air. 

163.  Now  the  condition  of  Man  may  be  regarded  as  inter- 
mediate between  these  two  extremes.  The  construction  of  his 
digestive  apparatus,  as  well  as  his  own  instinctive  propensities, 
point  fo  a  mixed  diet  as  that  which  is  best  suited  to  his  wants. 
It  does  not  appear  that  a  diet  composed  of  ordinary  vegetables 
only,  is  favourable  to  the  full  development  of  either  his  bodily  or 
tus  mental  powers ;  but  this  cannot  be  said  in  regard  to  a  diet  of 
which  bread  is  the  chief  ingredient,  since  the  gluten  it  contains 
appears  to  be  as  well  adapted  for  the  nutrition  of  the  animal 
tissues,  as  does  the  flesh  of  animals.  On  the  other  hand,  a  diet 
composed  of  animal  flesh  alone  is  the  least  economical  that  can 
be  conceived ;  for,  since  the  greatest  demand  for  food  is  created 
in  him  (taking  a  man  of  average  habits  in  reg^d  to  activity  and 
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the  elimaie  he  inhabits),  by  the  necessity  for  a  supply  of  carbon 
and  hydrogen  to  support  his  respiration,  this  want  may  be  most 
advantageously  fulfilled  by  the  employment  of  a  certain  quantity 
of  non-azotised  food,  in  which  these  ingredients  predominate. 
Thus  it  has  been  calculated,  that,  since  fifteen  pounds  of  flesh 
contain  no  more  carbon  than  four  pounds  of  starch,  a  savage  with 
one  animal  and  an  equal  weight  of  starch,  could  support  life  for 
the  same  length  of  time,  during  which  another  restricted  to 
animal  food  would  require  five  such  animals,  in  order  to  procure 
the  carbon  necessary  for  respiration.  Hence  we  see  the  immense 
advantage  as  to  economy  of  food,  which  a  fixed  agricultural 
population  possesses  over  the  wandering  tribes  of  hunters  which 
still  people  a  large  part  both  of  the  old  and  new  continents. 

1 64 .  The  mixture  of  the  azotised  and  non-azotised  compounds 
(gluten  and  starch),  that  exists  in  wheat-flour,  seems  to  be  just 
that  which  is  most  useful  to  Man ;  and  hence  we  see  the  ex- 
planation of  the  fact,  that,  firom  very  early  ages,  bread  has 
been  regarded  as  the  ^^  staff  of  life.''  In  regard  to  the  nutritious 
properties  of  different  articles  of  vegetable  food,  these  may  be 
generally  measured  by  the  proportion  of  azote  they  contain,  which 
is  in  almost  every  instance  less  than  that  which  exists  in  good 
wheat-flour.  But  it  must  not  be  forgotten  that,  owing  to  the 
yarieties  of  constitution  which  have  been  pointed  out  among  dif- 
ferent animab,  the  power  of  particular  substances  to  nourish 
Man  and  Cattle  is  not  the  same, — the  latter  requiring  a  larger 
proportion  of  the  saccharine  and  oleaginous  compounds,  than  is 
beneficial  to  him,— especially  when  it  is  an  object  to  cause  a 
large  quantity  of  fatty  matter  to  be  deposited  in  their  tissues,  or 
to  be  excreted  in  milk.  Thus  potatoes  are  found  to  increase  the 
proportion  of  butter  in  the  milk  of  a  cow  that  feeds  upon  them ; 
their  starch  being  probably  converted  into  fatty  matter.  It  has 
been  also  shown  by  recent  experiments,  that  the  proportion  of 
butter  in  the  milk  of  a  cow  allowed  to  feed  during  the  day  in  a 
pasture,  and  shut  up  at  night  in  a  warm  stall,  was  much  greater 
in  the  morning  milk  than  in  the  evening,— the  former  containing 
5-6  parts  of  butter  in  100,  and  the  hitter  only  3-7  parts.  This 
was  evidently  due  to  the  diminished  demand  for  the 
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for  respiration  daring  the  night,  when  the  body  was  at  rest  and 
the  skin  kept  warm.  The  experiment  was  then  tried,  of  keep- 
ing the  cow  in  a  shed  during  the  day,  and  feeding  her  with  the 
same  grass ;  and  the  proportion  of  butter  in  her  eyening  milk 
then  rose  to  5'1  parts  in  100.  But  this  plan  diminished  the 
proportion  of  casein  or  cheesy  matter  in  the  milk,  which  was 
increased  again  by  allowing  the  cow  to  pasture  in  the  open  field. 
Hence  it  appears  that  stall-feeding  is  most  favourable  to  the 
production  of  butter,  and  pasturing  to  that  of  cheese. 

1 65.  These  principles  should  be  kept  in  view  in  regulating 
the  diet  of  individuals,  especially  in  certain  disordered  states  of 
the  constitution,  which  require  to  be  treated  by  strict  attention 
to  diet.  Thus  there  are  some  persons  who  have  a  remarkable 
tendency  to  the  deposition  of  fat ;  and  others  in  whom  there  is 
a  morbid  (or  diseased)  production  of  sugar  in  the  body,  which  is 
carried  off  by  the  urine.  In  these  cases,  the  diet  should  be  so 
regulated  as  to  contain  the  least  possible  quantity  of  the  saccha- 
rine or  oleaginous  principles;  the  food  being  made  to  consist 
entirely  of  animal  flesh,  with  a  very  small  quantity  of  bread, — 
or  still  better,  vrith  bread  from  which  the  greater  part  of  the 
starch  has  been  removed.  On  the  other  hand,  there  is  a  state 
of  the  system,  known  as  that  in  which  gout  and  gravel  are  liable 
to  occur,  in  which  there  seems  to  be  an  excess  of  azotised  mat- 
ter ;  and  the  diet  of  such  persons  should  be  so  regulated,  that 
very  little  or  no  animal  flesh  should  be  employed  as  food,  the 
aliment  being  made  to  consist  almost  exclusively  of  farinaceous 
(starchy;  substances,  such  as  rice,  potatoes,  &c. 

166.  Besides  these  substances,  there  are  certain  mineral  in- 
gredients, which  may  be  said  to  constitute  a  part  of  the  food  of 
animals ;  being  necessary  to  their  support,  in  the  same  manner 
as  other  mineral  substances  are  necessary  to  the  support  of  plants 
(Veoet.  Phys.,  Chap,  vi.)-  Of  this  kind  are  common  salt, 
and  also  phosphorus,  sulphur,  and  lime,  either  in  combination 
or  separate.  The  uses  of  Salt  are  very  numerous  and  important. 
It  consists  of  two  substances  of  opposite  qualities,  muriatic  acid 
and  soda ;  and  the  former  is  the  essential  ingredient  in  the  gastric 
juice  (§.  204) ;  whilst  the  latter  performs  a  very  important  part 
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in  the  production  of  bile.  Phosphortu  is  chiefly  required  to  be 
united  with  fatty  matter,  to  serve  as  the  material  of  the  nenroos 
tissue ;  and  to  be  combined  with  oxygen  and  lime,  to  form  the 
bone-earth,  by  which  the  bone  is  consolidated.  Sulphur  exists 
in  small  quantities  in  several  animal  tissues ;  but  its  part  is  by 
no  means  so  important  as  that  performed  by  phosphorus.  Ume 
is  required  for  the  consolidation  of  the  bones,  and  for  the  pro- 
duction of  the  shells  and  other  hard  parts  that  form  the  skeletons 
of  the  Invertebrata.  Of  the  limestone  rocks,  of  which  a  great 
part  of  the  crust  of  our  globe  is  composed,  a  very  large  propor- 
tion is  made  up  of  the  remains  of  animals  that  formerly  existed 
in  the  ocean.  Thus  some  are  almost  entirely  made  up  of  masses 
of  coral,  others  of  beds  of  shells,  and  others  of  the  coverings  of 
animalcules  of  extreme  minuteness.  To  these  ingredients  we 
may  also  add  tron,  which  is  a  very  important  element  in  the  red 
blood  of  Yertebrated  animals. 

167.  These  substances  are  contained,  more  or  less  abundantly, 
in  most  articles  generally  used  as  food ;  and  where  they  are  defi- 
cient, the  animal  suffers  in  consequence,  if  they  are  not  supplied 
in  any  other  way.  Thus  common  iolt  exists,  in  no  inconsiderable 
quantity,  in  the  flesh  and  fluids  of  animals,  in  the  milk,  and  in 
the  egg:  it  is  not  so  abundant,  however,  in  plants;  and  the 
deficiency  is  usually  supplied  to  herbivorous  animals,  by  some 
other  means.  Thus  salt  is  purposely  mingled  with  the  food  of 
domesticated  animals ;  and  in  most  parts  of  the  world  inhabited 
by  wild  cattle,  there  are  spots  where  it  exists  in  the  soil,  and  to 
which  they  resort  to  obtain  it.  Such  are  the  ''  bufialo-licks  "  of 
North  America.  Phoiphorw  exists  also  in  the  yolk  and  white 
of  the  egg,  and  in  milk, — the  substances  on  which  the  young 
animal  subsists  during  the  period  of  its  most  rapid  growth ;  and 
it  abounds  not  only  in  many  animal  substances  used  as  food,  but 
also  (in  the  state  of  phosphate  of  lime  or  bone- earth)  in  the  seeds 
of  many  plants,  especially  the  grasses.  So  abundant  is  this  in  oats, 
that  the  horse  is  subject  to  an  earthy  concretion  in  its  intestinal 
canal;  in  which  phosphorus  is  a  principal  ingredient.  In 
smaller  quantities  it  is  found  in  the  ashes  of  almost  every  plant. 
When  flesh,  bread,  fruit,  and  husks  of  grain,  are  used  as  ihe  chief 
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artides  of  food,  more  phoephoruB  is  taken  into  the  body  than  it 
requires  ;  and  ihe  excess  has  to  be  carried  ont  in  the  excretions. 
Sulpkur  is  derived  alike  firom  vegetable  and  animal  substances. 
It  exists  in  flesh,  eggs,  and  milk ;  also  in  the  azotised  compounds 
of  plants ;  and  (in  the  form  of  sulphate  of  lime)  in  most  of  the 
river  and  spring  water  that  we  drink.  Iron  is  found  in  the  yolk 
of  egg,  and  in  milk,  as  well  as  in  animal  flesh ;  it  also  exists,  in 
small  quantities,  in  most  vegetable  substances  used  as  food  by 
man, — such  as  potatoes,  cabbage,  peas,  cucumbers,  mustard,  &c. ; 
and  probably  in  mtet  articles  from  which  other  animals  derive 
their  support. 

168.  Lime  is  one  of  the  most  universally  diffused  of  all 
mineral  bodies ;  for  there  are  very  few  animal  or  vegetable  sub- 
stances in  which  it  does  not  exist.  It  is  most  commonly  taken 
in,  among  the  higher  animals,  combined  with  phosphoric  acid, 
80  as  to  form  bone-earth ;  and  in  this  state  it  exists  largely  in  the 
seeds  of  most  grasses,  especially  in  wheat-flour.  If  it  were  not 
for  their  deficiency  in  phosphate  of  lime,  beans  and  peas  would 
be  more  nutritious  than  wheaten-flour,  the  proportion  of  azotiaed 
matter  they  contain  being  much  larger.  A  considerable  quan- 
tity of  lime  exists,  in  the  state  of  carbonate  and  sulphate,  in  all 
hard  water.  When  an  unusual  demand  exists  for  lime,  how- 
ever, for  a  particular  purpose,  an  increased  supply  must  be 
afforded.  Thus  a  hen  preparing  to  lay,  is  impelled  by  her  instinct 
to  eat.  chalk,  mortar,  or  some  other  substance  containing  the 
carbonate  of  lime,  which  is  required  for  the  consolidation  of  the 
shell ;  and  if  this  is  withheld,  the  egg  is  soft,  its  covering  being 
composed  of  animal  matter  alone,  not  consolidated  by  the  deposit 
of  earthy  particles.  The  thickness  of  the  shells  of  the  aquatic 
MoUosca  depends  greatly  upon  the  quantity  of  lime  in  the  sur* 
rounding  water.  Those  which  inhabit  the  sea,  find  in  its  waters 
as  much  as  they  require ;  but  those  that  dwell  in  fresh-water 
lakes,  which  contain  but  a  small  quantity  of  lime,  form  very 
thin  flhells ;  whilst,  on  the  other  hand,  those  that  inhabit  lakes 
m  which,  from  peculiar  local  causes,  the  water  is  loaded  with 
calcareous  matter,  form  shells  of  remarkable  thickness. 

169.  It  is  a  very  curious  question,  from  what  source  the 
rond-forming  Polypes  have  obtained  the  enormous  quantities  of 
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lime  that  have  served  to  build  up  their  gigantic  structures.  It 
seems  probable  that,  in  the  parts  of  the  globe  where  they  now 
most  abound,  which  are  the  seats  of  frequent  volcanic  action, 
there  are  springs  whose  waters  contain  a  large  quantity  of  car- 
bonate of  lime  (as  hot  springs  in  the  neighbourhood  of  volcanoes, 
such  as  the  Geysers  in  Iceland  usually  do) ;  and  that  these, 
emptying  themselves  beneath  the  sea,  furnish  the  required  sup- 
ply. Thus  the  materials  required  by  the  coral  animals  are  being 
continually  supplied  from  the  deep-seated  rocks  beneath.  And 
there  is  further  reason  to  believe,  that  a  similar  process  formerly 
took  place  through  a  much  wider  portion  of  the  surface  of  the 
globe,  and  that  the  waters  of  the  sea  were  much  more  loaded 
with  carbonate  of  lime ;  for  in  this  way  only  can  we  account  for 
the  vast  limestone  beds,  formed  of  successive  growths  of  coral, 
which  constitute  a  great  part  of  our  solid  land,  their  thickness 
being  many  hundred  feet,  and  in  some  places  two  or  three  thou- 
sand feet.  We  may  reasonably  suppose  that,  by  the  operations 
of  these  creatures,  continued  through  many  ages,  the  proportion 
of  lime  dissolved  in  the  waters  of  the  sea  was  gradually  reduced, 
and  at  last  brought  down  to  its  present  amount ;  just  in  the 
same  manner  as  the  atmosphere  seems  to  have  been  gradually 
purified  from  a  large  quantity  of  carbonic  acid  gas  (which  would 
have  been  fatal  to  warm-blooded  animals),  by  the  continued 
growth  of  those  luxurious  forests,  which,  having  been  buried 
beneath  other  deposits,  have  come  down  to  us  as  coal.  (See 
Veoet.  Phys.,  §.  29a) 

170.  The  mode  in  which  the  Crustacea,  whose  calcareous 
shell  is  periodically  thrown  off  (§.  I07)»  are  able  to  renew  it 
with  rapidity,  is  very  curious.  There  is  laid  up  in  the  walls  of 
their  stomachs  a  considerable  supply  of  calcareous  matter,  in 
little  concretions,  which  are  commonly  known  as  ''  crabs'  eyes.** 
When  the  shell  is  thrown  off,  this  matter  is  taken  up  by  the 
blood,  and  is  thrown  out  from  the  surface,  mingled  with  the 
animal  matter  of  which  the  shell  is  composed.  This  hardens  in 
a  day  or  two,  and  the  new  covering  is  complete.  The  concre- 
tions in  the  stomach  are  then  found  to  have  disappeared;  but 
they  are  gradually  replaced,  before  the  supply  of  lime  they  coa> 
tain  is  again  required. 


CHAPTER  IV. 

DIGESTION  AND  ABSORPTION. 

171.  Hatino  now  considered  the  nature  of  the  food  of 
Animals,  and  the  sdtirces  from  which  it  is  obtained,  we  have  next 
to  consider  the  process  bj  which  the  aliment  is  received  into  their 
bodies  and  prepared  to  form  a  part  of  their  own  fabric.  This 
process,  termed  dtgeaiion^  is  naturally  divided,  among  the  higher 
animals  at  least,  into  various  stages.  In  the  first  place,  there  is 
the  prehmuion  or  laying  hold  of  the  aliment,  and  its  introduction 
into  the  month,  or  entrance  to  the  digestive  cavity.  In  the 
month  it  usually  undergoes  a  preparation ;  which  consists  partly 
in  its  being  cut,  ground,  or  crushed,  by  mechanical  action,  into 
minute  pieces ;  and  partly  in  the  working  up  of  these  pieces  with 
a  fluid  that  is  poured  into  the  mouth,' — the  saliva.  These  two 
procoopoo  are  termed  mcMieation  and  imalivatian ;  similar  pro- 
oeaaes  are  performed,  in  some  animals,  in  a  part  of  the  digestive 
tnbe  intermediate  between  the  mouth  and  stomach,  and  even  in 
the  latter  itself.  The  stomach  is  usually  situated  at  some  dis- 
tance firom  the  mouth,  and  is  connected  with  a  tube  called  the 
asiopkqgus  or  gullet ;  and  the  passage  of  the  food  into  this,  con- 
stitnting  the  act  of  swallowing,  is  termed  deglutition.  The  food, 
having  arrived  in  the  stomach,  is  acted  upon  by  a  peculiar  fluid 
which  it  contains,  and  its  alimentary  portion  is  completely  dis- 
solved, 80  that  a  pulpy  mass  is  formed,  which  is  termed  chyme  ; 
hence  this  process,  which  is  the  first  stage  of  digestion  properly 
so  caOed,  is  termed  chymification^  or  the  manufacture  of  chyme. 
The  chyme,  which  passes  into  the  intestines,  is  further  acted  on 
by  secretions  that  are  poured  into  them ;  and  the  nutritious  por- 
tion, or  ehyle^  is  separated  from  the  matters  that  are  to  be  thrown 
off:  this  process,  which  is  the  second  stage  of  true  digestion,  is 
termed  ckyKfteaticn.     The  rejected  portions  of  the  food,  with 
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secretions  poured  into  the  kUmentary  canal,  find  their  way  oat 
throngh  the  iateetinal  tube ;  and  are  Toided  at  its  second  orifice 
by  the  act  of  tU/ecation.  And  lastly,  the  nutritions  chyle  a 
taken  up  by  veasels  that  are  distributed  upon  the  walls  of  the 
digestive  cavity,  and  nndergoes  a  gradual  change  by  which  it  is 
converted  into  blood.  These  two  processes  are  called  ahiorptum 
and  KtttffuifiaOioa  (or  manufoctore  of  blood).  Each  of  tiie  fore- 
going stages  will  now  be  separately  considered. 

Prehension  of  Food. 
173.     The  introduction  of  aliment  within  the  entrance  to  the 


P».Sn — Onnn. 

digestive  cavity  is  accomplished  in  various  methods  in  different 
animtilti.  In  the  Hammalia 
in  general,  the  aperture 
of  whose  month  is  guarded 
by  fleeliy  lips,  these,  with 
the  jaws  and  teeth,  are  the 
chief  instraiaents  of  this 
operation.  But  in  Man  and 
the  Monkey  tribe  (Fig.  80) 
,  the  division  of  labour  is  car- 
ried further;  the  food  being 
,  laid  hold  of  by  the  aote- 

V^  rior    members,    or  hands, 

^  and   by  them  carried  to 

the    month.      Where  the 
"""  p^^  ji  _s<,,.,M.L  ''"'*''    '""   *'*    P**"^   of 

grasping,    and   especially 
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nhere  the  tbnmb  can  be  oppoud  to  the  fingers,  the  action  of  a 
single  member  is  sufficient ;  bnt  there  are  Bereral  animals  which, 
like  the  Squirrel,  nse  both  limba  conjointly  to  hold  their  food, 
the  extremity  not  having  itself  Uie  power  of  grasping.  The  ' 
Ant-eaters,  Woodpeckers,  Cbameleons,  and  other  insect-eating 
aeimala,  obtain  their  food  by  means  of  a  long  extensible  tongne ; 
tbia  either  serring  to  transfix  the  insect,  or  to  glue  it  to  the  surface, 
which  is  covered  with  a  viscid  saliva.  The  Girafie  uses  its  long 
tongne  to  lay  hold  of  the  young  shoots  on  which  it  browzes ;  and 
the  Elephant  employs  its  trunk,  which 
is  nothing  else  than  a  prolonged  nose, 
for  every  kind  of  prehenmon  (Fig,  82). 
Many  of  the  Invertebrata  are  fiunisfaed 
with  little  appendages  round  their 
raooths,  by  which  the  food  is  conveyed 
into  them  ;  such  are  the  palpi  of  In- 
sects, of  which  a  pair  is  attached  to 
each  jaw  (Fig,  84) ;  the  tentaeula  of  pi*  n.-Bu 
the  HoUasca,  which  are  sometimes  extremely  prolonged,  as  in 
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the  cuttle-fish  tribe  flilg.  85) ;  and  the  nmikr  oigsni  of  the 
polypes  (Fig.  1). 
173.    The  reception  of  fluids  is  accomplished  in  two  myt. 
Sometimes    the    liquid   ii 
made  to  Eftll  into  the  month, 
gimplj  hj  its  own  weight ; 
in    other    instances    it   it 
drawn  or  pnmped  np  by 
this  cavity,— mtlwr  bj  ^n 
expaoeioD    of    the    chest, 
which  causes  a  nuh  of  *ii 
^  towards  the  lungs,— or  by 
J  the  movement  or  the  toDgn«, 
which,  being  drawn  back 
like  a  piston,  produces  the 
action  of  sacking.    Seme 
of  the  lower  animals  sn 
destined  to  be  entirely  sop- 
FIS.K— caiHF^nw  nonum.  ported    by  liqaids   which 

they  find  in  plants,  or  which  they  draw  from  the  bodies  of  otbw 
animals  on  which  they  live  ae  parasites.  This  is  the  case  with 
many  insects ;  and  their  mouth,  instead  of  pre- 
senting the  ordinary  structure,  is  formed  into  a 
sort  of  tube  or  trunk,  very  much  extended, 
through  which  the  juices  are  drftwn  up  accord- 
ingtothe  wantsof  theanimal.  Suchaconforma-  "*  ~ 
tion  exists  in  the  butterfly  and  moth  tribe,  whose 
trunk,  when  not  in  use,  is  coiled  up  in  a  spiral 
beneath  the  head ;  as  is  shown  in  Fig.  87,  re- 
preeenting  the  head  of  a  Butterfly,  a,  of  which 
the  eye  is  seen  ate,  the  base  of  the  antemue  at  Yi».a^TKmorA 
b,  the  palpi  at  e,  and  the  trunk  at  d.  In  some  butimflt, 
of  the  Fly  tribe,  the  trunk  attains  a  length  several  times  greater 
than  that  of  the  body,  as  shown  in  Fig.  88,  representing  a  di- 
pterous (two- winged)  insect  from  the  Cape  of  Good  Hope,  which 
sncks  the  juices  of  a  single  kind  of  flower,  the  length  of  whose 
tube  just  equals  that  of  its  long  proboacie. 
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MoiUeation. 
174.     The  act  of  Moitieation^  or  the  mechanical  division  of 
the  alimentaiy  matter,  is  effected  in  most  of  the  higher  animals. 


Fjo.  88.— •Ncmsstrika  LoNomosmii. 

by  teeth,  which  are  implanted  in  the  jaws.  These  are  composed 
of  a  substance  that  bears  a  strong  resemblance  to  bone  in  its 
teztore  and  hardness ;  and  are  so  fixed  as  to  act  against  one 
anoth^,  with  a  cutting,  crushing,  or  grinding  power,  accord- 
ing to  the  nature  of  the  food  on  which  they  have  to  operate. 
The  manner  in  which  they  are 
formed  is  worthy  of  note.  In 
Man,  who  may  be  taken  as  a 
fair  example,  each  tooth  is  de- 
veloped in  the  interior  of  a  ^ 
little  membranous  sac,  which  is 
lodced  in  the  thickness  of  the  &     „    ^   ^ 

c  ,  Ffo.  89.— Dbtklopmxnt  of  Tckth.     c 

jaw-bone;  as  seen  in  the  ac-  a,  the  gum;  ft,  the  lower  jaw;  r.  angle  of 
COmpanying  figure,  which  repre-  the  jaw ;  d,  dental  capeules. 

sents  half  the  lower  jaw  of  a  very  young  infant,  from  which 
the  outside  has  been  removed.  This  sac,  which  is  named 
the  dental  captule^  (a,  Fig.  90,)  is  composed  of  two  membranes, 
abundantly  furnished  with  blood-vessels ;  and  it  encloses  in 
its  interior  a  little  bud-like  protuberance,  b,  in  which  ramify 
a  great  number  of  nervous  filaments  and  minute  vessels^  e. 
The  matter  composing  this  little  body,  which  is  termed  the  pulp^ 
is   gradnally  converted  into  the  ivoty    of  the  tooth,    which 
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in  man  constitutes  nearly  its  whole  structure ;   this  oonyenion 

takes  place  first  at  its  highest  points,  df,  d.    The  crofon  or  upper 

^  4  portion   of  the  tooth  receives  a  covering  of 

enatnel,  a  much  harder  snhstanoe,  which  is 

formed  hy  the  lining  of  the  capsule.  Oradnally 

the  process  of  conversion  extends  more  and 

more  to  the  interior  of  the  pulp ;  and  at  last 

the  whole  is  changed   into  ivory,  with  the 

Fro.  9o.~DBirTAL      excoptiou  of  a  small  portion  that  still  remains, 

Capbvlk.  occupying  what  is  termed  the  cavity  of  the 

tooth,  which  is  frequently  laid  open  by  decay  of  its  external  wall. 

As  the  root  of  the  tooth  is  developed,  the  crown  is  gradnallj 

pushed  upwards,  so  as  to  press  against  the  upper  portion  of  the 

capsule  and  the  gum  by  which  this  is  covered.    These  parts 

yield  slowly  to  the  pressure ;  and  the  tooth  makes  its  way  to 

the  surface ;  or,  in  common  language,  is  cut, 

175.  The  process  of  cutting  teeth  is  usually  not  a  severe  one 
in  the  healthy  and  well-managed  infant ;  but  it  occasions  the 
death  of  vast  numbers  of  children  who  are  injudiciously  treated ; 
and  it  is  especially  fatal  to  those  who  have  a  tendency  to  disease 
of  the  nervous  system.  The  irritation  caused  by  the  pressure  of 
the  tooth  against  the  gum,  is  liable  to  excite,  in  such  cases,  con- 
vulsive actions  of  various  kinds,  on  the  principles  hereafter  to  be 
explained  (Chap,  x.) ;  and  as  the  removal  of  the  source  of 
irritation,  in  such  cases,  is  of  the  greatest  importance,  the  lancing 
of  the  gums, — doing  that  in  an  instant  which  the  pressure  of  the 
tooth  might  not  accomplish  for  days, — ^is  a  measure  of  most 
obvious  utility ;  however  unneoessaiy  it  may  seem,  in  ordinary 
cases,  to  interfere  with  the  course  of  nature. 

176.  At  the  same  time  that  the  development  of  the  tooth  is 
thus  taking  place,  the  bone  of  the  jaw  is  becoming  hardened ; 
and  closes  round  its  root,  forming  a  complete  socket.  This 
partly  interrupts  the  passage  of  vessels  and  nerves  to  the  tooth, 
which,  when  once  fuUy  formed,  seems  to  acquire  no  farther 
growth,  and  not  to  possess  the  power  of  repairing  injuries  occa- 
sioned by  disease  or  accident.  Hence  a  tooth  which  is  broken 
or  decayed,  is  not  restored  as  a  bone  would  be.     Still,  however, 
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its  root  or  fang  is  penetrated  by  a  small  nerve  and  artery,  which 
are  distributed  to  the  membrane  that  lines  the  cavity  ;  and  it  is 
to  the  action  of  air  upon  the  former,  when  the  cavity  ia  laid  open 
by  decay,  that  the  pain  of  tooth-ache  is  chiefly  due.  The  reme- 
dies which  are  most  effectual  in  removing  this  pain,  such  as 
kreofiote,  nitric  acid,  or  a  heated  wire,  are  those  which  destroy 
the  vital  power  of  the  nerve. 

177.  But  there  are  teeth,  in  many  animals,  which  never 
cease  to  grow,  and  in 
whidi  the  central  cavity 
18  always  filled  with  pulp. 
Such  have  no  proper 
root;  for  additional  mat- 
ter is  being  continually 
formed  at  their  base,  and 

thus   the   whole    tooth  is  Pro.  91.-Jaw  and  T««th  or  rabbit. 

pushed  upwards.  This  is  the  case  with  the  Elephant's  tusks  ; 
and  also  with  the  large  teeth  that  occupy  the  front  of  the  jaw  in 
Rabbits,  Squirrels,  Rats,  and  other  gnawing  animals  (Fig.  91). 
The  upper  edges  of  these  teeth  are  being  constantly  worn  away 
by  use  ;  but  they  are  kept  up  to  their  proper  level  by  the  growth 
of  the  tooth  from  below.  But  it  sometimes  happens  that  one  of 
these  teeth  is  broken  off;  and  the  one  opponte  to  it  in  the  other 
jaw  is  then  thrown  into  disuse.  It  contiimes,  however,  to  grow 
up  from  below ;  but,  not  being  worn  down  at  the  top,  its  length 
increases  greatly,  so  that  it  may  become  a  source  of  great  incon- 
venience to  the  animal. 

178.  The  teeth  are  generally  made  up  of  two  or  more  distinct 
sobstances,  differing  in  structure  and  properties.  That  which 
usually  forms  their  principal  part,  is  termed  the  ivory  ;  but  the 
sammit  or  crown  of  the  tooth  is  generally  clothed  with  a  much 
harder  substance,  which  is  termed  enamel;  and  its  fang  is  covered 
with  a  substance  closely  resembling  bone,  and  termed  the  cortical 
substance.  Although  the  ivory,  enamel,  and  cortical  substance 
occupy  these  different  positions  in  most  teeth,  they  are  all  mixed 
together  (as  it  were)  in  the  grinding  teeth  of  many  herbivorous 
animals,  to  answer  a  particular  purpose  (§.  182). 
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179.  All  these  substances  contain  a  large  proportion  of 
mineral  matter.  The  amount  is  the  greatest  in  the  enamel, 
which  is  generally  hard  enough  to  strike  fire  with  steel ;  tiiis 
does  not  contain  above  two  parts  in  one  hundred  of  animal  tissue. 
In  the  ivory,  the  proportion  of  animal  matter  is  larger,  varying 
from  20  to  29  per  cent.  And  in  the  cortical  substance,  it  is 
about  42  per  cent.;  which  is  nearly  the  same  proportion  as  that 
which  exists  in  bone.  Of  the  mineral  matter  by  far  the  largest 
part  consists  of  phosphate  of  lime ;  most  of  the  remainder  being 
the  carbonate  of  lime  (the  same  as  limestone  or  chalk). 

1 80.  When  examined  with  the  microscope,  the  Ivory  is  seen 
to  contain  a  number  of  very  minute  wavy  tubes,  which  commence 
in  the  central  cavity  and  pass  towards  the  surface  of  the  teeth ; 
these  appear  analogous  to  the  minute  tubes  which  have  been 
described  as  contained  in  Bone  (§.  48).  The  Enamel,  when 
examined  in  a  similar  manner,  is  seen  to  consist  of  a  multitude 
of  six-sided  columns  or  prismi^  packed  closely  against  each  other, 
and  directed  perpendicularly  to  the  surface  on  which  they  lie,  so 
that  one  of  the  extremities  of  each  column  rests  upon  the  ivory, 
whilst  the  other  helps  to  form  the  surface  of  the  tooth.  When 
the  mineral  matter  is  dissolved  away  by  an  acid,  the  remaining 
very  delicate  animal  tissue  still  presents  the  same  form  ;  so  that 
we  may  regard  it  as  composed  of  a  number  of  six-sided  prismatic 
cells,  precisely  resembling  those  of  Plants  (See  Veget.  Phts. 
§.  71)9  in  which  the  mineral  matter  is  deposited.  The  structure 
of  the  Cortical  substance  is  of  the  same  character  with  that  of 
Bone,  but  is  less  regular. 

181.  In  Man,  and  most  of  the  other  Mammalia,  there  are 
three  kinds  of  teeth,  adapted  for  different  purposes.  The  first 
terminate  in  a  thin  cutting  edge,  and  are  intended  simply  to 
divide  the  food  introduced  into  the  mouth;  these  are  termed 
incisor  teeth  (Fig.  92).  Others  have  more  of  a  conical  form, 
and  in  many  animals  (especially  those  of  carnivorous  habits) 
project  far  beyond  the  former ;  they  are  not  adapted  to  cut  the 
food,  but,  by  being  deeply  fixed  in  it,  to  enable  the  animal  to 
tear  it  asunder :  these  are  termed  canine  teeth.  The  teeth  of  the 
third  kind  have  a  large  irregular  flattened   surface,  and  are 
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adapted  to  bruUe  and  grind  tiie  food ;  these  are  called  molar  (oi 
mill-like)  teeth.     The  manner  in  which  these  different  teeth  are 


implanted  in  the  jaw,  varies  with  the  form  of  their  crown,  and 
is  in  accordance  with  their  several  uses.  The  incisors,  whose 
wtion  tends  rather  to  haty  them  in  their  sockets,  than  to  draw 
them  forth,  have  hut  a  single  root  or  fang  of  no  great  length.  The 
canine  teeth,  on  which  there  is  often  considerable  strain,  pene- 
trate the  jaw  more  deeply  than  the  incisors ;  especially  when 
they  are  large  and  long,  as  in  the  cat  tribe  (Fig.  93).  And 
the  molan,  whose  action  requires  great  firmness,  have  two, 
three,  or  even  four  roots  or  fangs,  which  spread  out  from  each 
other ;  and  these  at  the  same  time  increase  the  solidity  of  their 
attachment  to  the  jaw,  and  prevent  the  teeth  from  being  forced 
into  their  sockets  by  any  amount  of  pressure. 

182.  The  arrangemeDt  of  the  dental  apparatus  varies,  in 
different  Mammalia,  according  to  the  nature  of  the  aliment  on 
which  they  are  destined  to  feed  ;  and  this  correspondence  is  so 
exact,  that  the  anatomist  can  generally  determine,  by  the  simple 
inspection  of  the  teeth  of  an  animal,  not  only  the  nature  of  its 
food,  but  the  general  structure  of  the  body,  and  even  its  ordinary 
habits.  Thus,  in  those  that  feed  exclusively  on  animal  flesh, 
the  molar  teeth  are  so  compressed  as  to  form  cutting  edges, 
which  work  against  each  other  like  the  blades  of  a  pair  of  scis- 
sors (Fig.  93) ;  whilst  in  animals  that  live  on  insects,  these 
teeth  are  rused  into  conical  points,  which  lock  into  correspond- 
ing depresmona  in  the  teeth  of  the  opposite  jaw  (Fig.  94). 
When  ^e  nourishment  of  the  animal  consists  principally  of  soft 
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firnitSp  these  teeih  are  amply  raised  into  rounded  doTations 
(Fig.  96) ;  and  when  they  are  destined  to  grind  harder  vegetable 


Fi«.  03.— TsOTH  or  CAKmrammm  Amimai.      Fro.  M.— Tbbtb  or  bmcnroBoim  Amiuav, 

substances,  they  are  terminated  by  a  large  flat  and  roughened 
surface  (Fig.  95).  The  roughness  of  this  surface  is  mauntained, 
by  the  peculiar  arrangement  of  the  three  substances,  of  which  the 
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tooth  is  composed.  The  enamel,  instead  of  covering  its  crown, 
is  arranged  in  upright  plates,  which  are  dispersed  through  the 
tooth ;  and  the  space  between  them  is  filled  up  by  plates  of  ivory 
and  of  cortical  substance.  These  last,  being  softer  than  the 
enamel,  are  worn  down  the  soonest;  and  thus  the  plates  of 
enamel  are  left  constantly  projecting,  so  as  to  form  a  rough  sur- 
&ce,  which  is  admirably  adapted  to  the  grinding  action  the  tooth 
is  destined  to  perform.  In  the  great  gnawing  teeth  of  the 
squirrel,  &c.>  the  front  surface  only  is  covered  with  enamel ;  and 
as  this  is  worn  away  more  slowly  than  the  ivory,  it  stands  up  as 
a  sharp  edge  (Fig.  91),  which  is  always  retained,  however  much 
the  tooth  may  be  worn  away. 

1 83.  Of  all  the  teeth,  the  molars  may  be  regarded  as  the 
most  useful.  They  are  seldom  absent  in  the  Mammalia ;  and 
their  office  is  usually  essential  to  the  proper  digestion  of  the 
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food.  Animal  flesh  (the  most  easily  digested  of  all  substances) 
needs  bat  to  be  cut  in  small  pieces ;  but  the  hard  envelopes  of 
beetles  and  other  insects  must  be  broken  up ;  and  the  tough 
woody  structure  of  the  grasses,  and  the  dense  coverings  of  the 
seeds  and  fruits  on  which  the  herbivorous  animals  are  supported, 
must  be  ground  down.  The  incisors  and  canines  are  chiefly 
employed  among  carnivorous 
animals,  for  the  purpose  of  seiz- 
ing their  living  prey,  and  are 
never  deficient  in  them;  but 
they  are  less  required  in  herbi- 
vorous animals;  and  either  or 
both  kinds  are  not  unfrequently 
deficient.     Sometimes,  however,  ^'^  97^s«ull  or  boar. 

they  are  not  only  present,  but  are  largely  developed,  serving  as 
weapons  of  attack  and  defence ;  as  in  the  Boar  (Fig.  97). 

184.  There  are  a  few  Mammalia  which  do  not  possess  teeth. 
This  is  the  case  with  the  common  Whale,  in  which  they  are 
replaced  by  an  entirely  different  structure.  From  the  upper  jaw 
there  hang  down  into  the  mouth  a  number  of  plates  of  a  fibrous 
substance,  to  which  we  give  the  name  of  ickalebone^  though  it  is 
really  analogous  to  the  ^um  of  other  animals.  The  fibres  of 
these  plates  are  separate  at  their  free  extremities,  and  are 
matted,  as  it  were,  together,  so  as  to  form  a  kind  of  sieve. 
Through    this   sieve  water  is  drawn,  in  enormous  quantities, 

whenever  the  Whale  is 
in  want  of  food ;  and  in 
this  manner  it  strains 
out,  as  it  were,  the 
minute  gelatinous  ani- 
mals upon  which  it 
lives, — such  as  the  lit- 
tle Pteropods  (§.  122) 
and  Medusa  (§.  130), 
which  abound  in  the 

Pk,.  »,  f  lo.  W.-BKULL  or  WHALR.         ^^^  >*  inhaWts.    The 

WHAi.nK»ifB.  water  thus  taken  in  is 


Pio.  96.— Skull  or  Whalb. 
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expelled  from  the  noethls  or  bli>w-holee,  which  are  ritiUited  at 
the  top  of  the  head.  Most  of  tlie  Whale  tribe  hare  short  binges 
of  this  kind,  in  the  roof  of  the  mouth ;  but  in  none,  except  the 
Balama,  or  Greenland  whale,  is  it  long  enough  to  make  it  worth 
separating,  all  the  other  species  having  teeth,  either  in  one  or 
both  jaws.  It  is  a  curious  fact,  that  the  rudiments  of  teeth 
may  be  discovered  In  both  jaws  of  the  young  Greenland  whale, 
although  they  are  never  to  be  developed.  And  the  rudiments 
of  incisor  teeth  in  the  upper  jaw,  and  of  canine  teeth  in  both 
jaws,  may  also  be  discovered  in  the  young  of  the  Rumioant 
quadrupeds  (oxen,  sheep,  &c.},  though  they  never  show  them- 
selves above  the  gum, 

1 83.  The  Ant-eaters,  also,  ore  destitute  of  teetb,  and  usually 
obtain  their  food  by  means  of  their  long  extensible  tonguee, 
which  are  covered  with  a  viscid 
saliva;  this  being  poshed  into  the 
midst  of  an  ant-hill,  and  then  drawn 
into  the  month,  brings  into  it  a 
large  number  of  these  insects,  which 

ar»  8n£Boiently  bruised  between  tlie  *'"'  "*— ^'"^"'  "'  aut-**™* 
toothless  jaws. — Lastly,  may  be  mentioned  as  a  curious  exception 
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loUwgencvKlriilesrwpectiDg  the  t«eth  of  Mammalia,  theremark- 
ible  Omitkorkynau,  or  Dusi-billtd  Platyjnu  of  New  Holland 
(fig.  101).  This  animal  feeds,  like  the  dock,  upon  the  water 
maects,  ehell-fiah,  and  aqoatio  plants,  that  it  obtains  from  the 
mud,  into  which  it  is  continually  plunging  its  angular  bill ;  and 
itejawa,  entirely  destitute  of  teeth,  are  furnished  with  homy 
rji^es,  by  which  it  can  in  some  degree  masticate  its  food. 

166.     Among  Birds,  then  is  an  entire  absence  of  teeth  ;  and 
the  mechanical  divisiou  and  the  reduction  of  food  is  performed 
in  the  stonaaoh,  in   the  manner  hereafter  to    be  mentioned 
(J.  SOO).     The   months  of  almost  all  Beptiles,  excepting  the 
Turtle  tribe,  are  furnished  with  nomerons  teeth  ;  but  these  are 
not  adapted  for  much  variety 
of  pnrpHwes,  being  pincipally   \ 
deatiiKd  to  prevent  the  escape 
or  the  prey  which  tlie  animals 
have  secured  ;  and  thetr  shape 
ii  consequently  nearly  uniform, 
being  for  the  moat  part  simply 
conical.  There  are  some  Lizards,  howoTsr,  which  are  herbivorous; 
ud  theae   have  large    rough  teeth,  somewhat  resembling  the 
molars  of  Mammalia.     Animals  of  this  tribe  attained  a  gigantb 
Ui^,    not    less  than   from  90  to   120  feet,  in  past  ages  of 
the  world. — In  Fishes,  the  teeth  are  commonly  rery  numerous ; 
but  they  have  for  their  object  only  to  separate  and  retain  their 
food  ;  and  there  is 
little  variety  in  their 
form.      Frequently 
they  have  no  bony 
\  attachment,     being 
onlyheldby  the  gum 
as  in  the  shark  ;  and 
they      are      conse- 
quently often    torn 
Fio.  los.— Hud  of  Bvmx.  away,  but  tliey  are 

M  readily  replaced.  Sometimes,  however,  the  tooth  seems  like 
»  continuation  of  the  bone  of  the  jaw,  not  being  in  any  way 
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separated  from  it,  and  the  tubular  structure  of  the  latter  bdng  oon- 
tinued  into  it  without  any  interruption.  The  teeth  of  Fishes  are 
often  set,  not  only  upon  the  proper  jaw-bones,  but  upon  the  sur- 
face of  the  palate,  and  even  in  the  pharynx  or  swallow. — In  the 
Invertebrata,  there  are  generally  no  proper  teeth ;  but  in  both 
the  Articulated  and  Molluscous  series,  we  yery  commonly  meet 
with  firm  homy  jaws,  which  are  often  fumiflhed  with  projections 
that  answer  the  same  purpose.  It  is  very  remarkable,  however, 
that  in  an  animal  so  low  in  the  scale  as  the  Echinta  or  Sea^Urcbin 
(§.  J  28),  a  Tcry  complex  dental  apparatus  should  exist.  This 
consists  of  five  long  hard  teeth,  which  surround  the  mouth ;  and 
these  are  fixed  in  a  framework,  which  is  worked  by  a  powerful 
set  of  muscles,  and  thus  serve  efibctually  to  grind  down  the 
food,  which  seems  to  be  chiefly  of  a  vegetable  nature. 

187.  In  the  Mammalia  in  general,  as  in  Man,  the  teeth  are 
not  much  developed  at  the  time  of  birth,  that  they  may  not 
interfere  with  the  act  of  sucking ;  and  they  do  not  make  their 
appearance  above  the  gum,  until  the  time  approaches  when  the 
young  animal  has  to  prepare  its  own  food,  instead  of  amply 
receiving  that  which  has  been  prepared  by  its  parent.  The 
teeth  which  are  first  formed  are  destined  to  be  shed  after  a 
certain  period,  and  to  be  replaced  by  others.  They  are  called 
mUk  teeth;  and  in  Man  they  are  20  in  number, — ^namely,  four 
incisors  in  the  front  of  each  jaw,  and  two  canines  and  four  molars 
on  each  side.  They  begin  to  fall  out  at  about  the  age  of  seven 
years ;  previously  to  which,  however,  the  first  of  the  permanent 
molars  appears  above  the  gum,  behind  those  of  the  first  set.  The 
incisors  and  canines  of  the  first  set  are  replaced  by  incisors  and 
canines  respectively ;  but  the  molars  of  the  first  set  are  replaced 
by  teeth  like  small  molars,  having  only  two  fangs ;  these  are 
called  false  molars,  or,  more  properly,  bicuspid  teeth  (Fig.  92). 
The  second  of  the  true  molars  does  not  make  its  appearance 
until  all  the  milk  teeth  have  been  shed ;  ance  it  is  only  then 
that  the  jaw  becomes  long  enough  to  hold  any  additional  teeth. 
The  third  does  not  usually  come  up  until  the  growth  of  the  jaw 
is  completed ;  and  as  this  time  corresponds  with  that  at  which 
the  mind  as  well  as  the  body  is  matured,  they  are  commonly 
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known  as  vnse  or  wisdom  teeth.  There  are  then  32  teeth  in  all, 
or  16  in  each  jaw; — ^namelj,  four  incisors,  two  canines,  fonr 
bicnspid,  and  six  true  molars. — ^In  extreme  old  age,  these  teeth 
^U  out  like  those  of  the  first  set ;  but  they  are  not  replaced  by 
others,  and  their  sockets  are  obliterated. 

188.  The  teeth  are  but  passive  instruments  in  the  act  of 
mastication.  They  are  put  in  movement  by  the  jaws  in  which 
ihey  are  fixed ;  and  these  are  made  to  act  against  each  other  by 
Tarions  muscles.  The  upper  jaw  is  usually  fixed  to  the  head  ; 
and  bas  not,  therefore,  any  power  of  moving  independently  of  it. 
Bat  the  lower  jaw  is  connected  with  the  skull  by  a  regular  joint 
on  either  side ;  and  is  so  moved  by  the  muscles  attached  to  it,  as 
to  cat,  crash,  or  grind  the  food,  according  to  the  nature  of  the 
teeth.  There  is  considerable  variety,  in  different  animals,  as  to 
the  extent  of  motion  which  the  lower  jaw  possesses.  In  the 
purely  camivorons  quadrupeds,  it  has  merely  a  hinge-like  action, 
that  of  opening  and  shutting ;  and  by  the  sharpness  of  the  edges 
of  the  molar  teeth,  it  is  thus  rendered  a  powerful  cutting  instru- 
ment. But  in  the  herbivorous  animals,  which  have  to  grind  or 
triturate  their  food  between  the  roughened  surfaces  of  their 
molars,  such  a  limited  motion  would  be  of  no  avail ;  and  we 
accordingly  notice,  if  we  watch  an  ox  or  a  horse  whilst  masti- 
cating its  food,  that  the  lower  jaw  has  considerable  power  of 
motion  from  side  to  side.  On  the  other  hand,  in  the  gnawing 
animals,  furnished  with  two  large  front  teeth,  the  lower  jaw  has 
no  power  of  moving  from  side  to  side,  but  is  rapidly  drawn 
backwards  and  forwards ;  and,  as  the  ridges  of  the  molar 
teeth  are  arranged  in  the  opposite  direction,  they  become  very 
powerful  filing  instruments,  by  which  the  toughest  vegetable 
substances  are  quickly  reduced. 

189.  In  the  Human  jaw,  there  is  a  moderate  power  of  motion 
in  all  these  different  directions ;  and  it  is  furnished  with  all  the 
muscles  by  which  they  are  effected,  in  the  different  animals  that 
perform  them ;  but  these  are  not  so  large  or  strong.  The  most 
powerful  of  the  muscles  of  the  lower  jaw,  in  all  animals,  is  that  by 
which  it  is  drawn  up  against  the  npper,  so  as  to  close  the  mouth. 
This  arises  from  the  side  of  the  skull  in  the  region  of  the  temple. 
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and  ia  henoe  called  the  tamponl  miiBcle.  It  covera  at  its  origin 
a  Urge  surfiM»  of  bone ;  but  ita  fibres  approach  one  another  as 
they  descend,  and  pan  under  a  bony  arch  (whiah  may  be  felt 
between  the  cheek  and  the  ear),  to  attach  themaelTes  to  a  pro- 

. ^  oesaor  projection  of  the  lower  jaw 

,--'  f^  (a.  Pig.  104),  about  ao  inch  in 

front  of  the  joint.  As  the  distance 

from  the  fulcrum,  of  the  point  at 

which  the  power  is  applied,  is  thus 

much  leas  than  that  of  the  front 

of  the  jaw,  where  chiefly  the  re- 

Mstance  is  enoountered,  the  power 

of  the  mnacle  ia  applied  at  a  me- 

chanioal    diaadvontage ;    and,   to 

orercome  a  given  reaiataoce,  tlie 

P^  ,^  mnaclo  must  itaelf  be  eeveral  times 

more  powerful.     Thus  the  tiger 

and  lion,  which  can  lift  and  carry  away  the  bodies  of  auimola 

weighing  several  hundred  pounds,  must  poesesa  temporal  muaclea 

that  shall  contract  with  a  force  of  two  thousand,  or  even  mwe 

(HecnANicAL  FmLosopaY,  §.  292). 

Intalioatian. 
190.  The  act  of  mastication  ia  connected  with  another; 
which  is  also  of  great  importance  in  preparing  for  the  subseqaent 
process  of  digestion.  This  is  tlie  blending  of  the  saliva  with  the 
food,  during  its  reduction  between  the  teetii, — an  act  which 
is  termed  mtalivalion.  The  aaliva  is  separated  from  the  blood, 
by  glaads  which  are  situated  in  the  neighbourhood  of  the  mouth; 
of  theae  there  are  three  pair  in  man,  two  beneath  the  toBgae 
(Fig.  105),  and  one  in  the  chevk,  each  pouring  in  its  secretion 
by  a  separate  canal.  The  salivary  fluid  is  principally  compoaed 
of  water,  in  which  a  small  quantity  of  animal  matter  and  some 
saline  substances  (chiefly  common  salt)  are  dissolved ;  the  whole 
amount  of  these,  however,  is  not  more  than  1  part  in  100.  The 
secretion  of  saliva  ia  not  constantly  going  on ;  but  the  fluid  ia 
formed  oa  it  is  wanted.     The  Himultu  by  which  the  gland  ia  eet 
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in  action  may  be  simply  the  motion  of  the  jaws ;  thus,  on  first 
waking  in  the  morning,  the  mouth  is  usually  dry,  but  it  is  soon 
rendered  moist  by  the  movements  which  take  place  in  speaking. 
Tbc  contact  of  solid  substances  with  the  membrane  lining  the 
mouth  appears  also  to  excite  the  flow;  hence  dryness  of  the 
mouth  may  often  be  remedied  for  a  time,  when  no  water  is  at 
hand,  by  taking  a  pebble  into  the  mouth,  and  moving  it  from 
side  to  side.  Every  one  knows,  too,  that  the  simple  idea  of 
savoury  food  vrill  excite  an  increased  flow ;  making  the  "  mouth 
water,''  as  it  is  popularly  termed.  These  are  instances  of  the 
power  of  the  nervous  system,  through  which  the  impressions  are 
conveyed,  over  the  act  of  secretion. 

191.  There  are  certain  kinds  of  food,  in  which  the  admixture 
of  saliva  appears  to  occasion  the  commencement  of  those  chemical 
changes  in  which  digestion  consists ;  but  in  general,  the  benefit 
derived  from  this  process  of  insalivation  is  just  that  which  is 
obtained  by  the  chemist,  when  he  bruises  in  a  mortar,  with  a 
small  quantity  of  fluid,  the  substances  which  he  is  about  to  dis- 
solve in  a  larger  amount.  If  the  preliminary  operations  of  mas- 
tication and  insalivation  be  neglected,  the  stomach  has  to  do  the 
whole  of  the  work  of  preparation,  as  well  as  to  accomplish  the 
digestion ;  thus  more  is  thrown  upon  it  than  it  is  adapted  to 
bear;  it  becomes  over- worked,  and  manifests  its  fatigue  by  not 
being  able  to  discharge  even  its  own  proper  duty.  Thus  the 
digestive  function  is  seriously  impaired,  and  the  general  health 
becomes  deranged  in  consequence.  A  malady  of  this  kind  is 
very  prevalent  in  the  United  States ;  and  is  almost  universally 
attributed  by  medical  men,  in  part  at  least,  to  the  general  habit 
of  very  rapidly  eating  or  rather  bolting  the  meals.  There  is 
another  evil  attendant  on  this  practice, — that  much  more  food  is 
swallowed,  than  is  necessary  to  supply  the  wants  of  the  system  ; 
for  the  sense  of  hunger  is  not  so  readily  abated  by  food  which 
has  not  been  prepared  for  digestion;  and  thus  the  feeling  of 
satiety  is  not  produced,  until  the  stomach  has  already  received  a 
larger  supply  than  it  is  well  able  to  dispose  of.  Imperfect  mas- 
tication of  the  food  is  very  apt  to  occur,  in  persons  who  are  losing 
their  teeth  by  old  age  or  decay ;  and  where  these  are  not  replaced 
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by  artificial  meaiu,  the  next  best  remedy  is  to  cut  the  food  into 
very  small  portiona,  before  it  U  taken  into  the  month,  and  to 
masticate  it  there  as  thoroughly  tm  possible. 

Deplutilion. 
192.  In  the  Mammalia,  the  cavity  of  the  month  is  yarded 
behind  by  a  sort  of  movable  curtain,  which  is  known  as  the  veil 
of  the  palate  (Fig-  105)  ;  and  this  hangs  down  during  mastica- 
tion, in  such  a  manner  as  to  prevent  any  of  the  food  from  pass- 
ing backwards.  This  partition,  which  does  not  exist  in  Birds 
and  other  animals  that  do  not  masticate  their  food,  hangs  from 
the  arch  and  sides  of  tlie  palate,  so  as  to  touch  the  tongue  by  its 
lower  border ;  but  it  can  be  lifted  in  such  a  manner  as  to  give 
the  food  tree  passage  beneath  it,  into  the  top  of  the  gullet. 
When  mastication  is  completed,  the  food  ie  collected  on  the  back 


n^nildiltBd 


of  the  tongue  into  a  kind  of  ball ;  and  this,  h&ng  carried  back- 
wards by  the  action  of  its  muscles,  presses  against  the  parttUon 
just  mentioned,  and  causes  it  to  open.     The  food  thus  passes 
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into  a  sort  of  funnel,  formed  by  the  expansion  of  the  top  of  the 
(Bsophoffus  Gt  gullet ;  this  cavity^  termed  the  pharynx^  commu- 
nicates above  with  the  nostrils,  and  in  front  with  the  larynx^ 
which  is  at  the  top  of  the  windpipe.  The  as%ophagu»  is  a  long 
and  narrow  tube,  which  descends  from  the  pharynx  to  the  sto- 
mach, lying  just  in  front  of  the  vertebral  column,  and  behind 
the  heart  and  lungs.  It  is  surrounded  by  muscular  fibres,  dis- 
posed in  various  ways ;  by  the  action  of  which  the  food  that 
has  once  passed  into  the  pharynx  is  propelled  downwards  to  the 
stomach. 

193.  But  in  order  to  reach  this  tube^  the  alimentary  ball 
must  pass  over  the  glottis,  or  aperture  of  the  windpipe. 
In  order  to  prevent  its  falling  in,  the  larynx  is  drawn,  in  the 
very  act  of  swallowing,  beneath  the  base  of  the  tongue ;  and  this 
action  presses  down  a  little  valve-like  body,  the  epiglottis,  upon 
the  aperture,  so  as  in  general  effectually  to  prevent  any  solid  or 
fluid  particles  from  entering  it.  But  it  sometimes  happens  that, 
if  the  breath  be  drawn  in  at  the  moment  of  swallowing,  a  small 
particle  of  the  food,  or  a  drop  of  fluid,  is  drawn  into  the  glottis ; 
and  this  action  (commonly  termed  ''  passing  the  wrong  way,") 
excites  a  violent  coughing,  the  object  of  which  is  to  drive  up  the 
particle,  and  to  prevent  it  from  finding  its  way  into  the  lower 
part  of  the  windpipe.  It  may  also  happen  that  a  larger  sub- 
stance may  slip  backwards,  by  its  own  weight,  into  the  glottis, 
when  there  was  no  intention  of  swallowing,  and  when  the  larynx 
was  consequently  not  drawn  forwards  beneath  the  tongue.  Tlie 
presence  of  such  a  substance  in  the  windpipe  excites  a  violent, 
and  frequently  almost  suffocating  cough  (§.  B42)  ;  the  effect  of 
which  is  sometimes  to  drive  it  up  through  the  glottis,  and  thus 
to  get  rid  of  the  source  of  irritation. 

194.  But  if  this  does  not  occur,  it  is  necessary  to  remove  the 
offending  body  in  other  ways ;  sometimes  it  may  be  removed  by 
an  apertnre  made  in  the  windpipe ;  but  if  it  cannot  be  laid  hold 
of  and  drawn  through  this,  the  plan  recently  adopted  in  the  case 
of  Mr.  Brunei  (the  celebrated  engineer)  into  whose  windpipe 
a  half-sovereign  had  unfortunately  found  its  way,  may  be  advan- 
tageously employed.   He  was  fixed  upon  a  board  that  was  made 
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to  revolve  upon  a  pivot,  in  snch  a  manner  that  his  body  was 
brought  into  a  very  inclined  position,  with  the  head  dawnwardi^ 
a  position  which  could  not,  of  course,  be  retained  for  a  long  time 
at  once.  The  coin  then  dislodged  itself  by  its  own  weight,  from 
its  place  in  one  of  the  bronchial  tubes  (§.  388),  and  was  felt  to 
drop  towards  the  glottis.  But  it  there  produced  so  violent  an 
irritation,  as  to  bring  on  a  cough  which  threatened  suffocation ; 
and  the  attempt  was  abandoned.  It  was  renewed  on  another 
occasion,  however,  after  an  opening  had  been  made  into  the 
windpipe  (for  the  purpose  of  extracting  the  coin  through  it, 
which  was  attempted  unsuccessfully) ;  and  as  the  admission  of 
air  into  the  lungs  through  this  opening  prevented  any  chance  of 
suffocation,  the  indined^position  of  the  body  was  continued,  until 
the  coin  dropped  through  the  glottis  into  the  mouth. 

195.  The  act  of  swallowing  is  itself  involuntary,  and  may 
be  even  made  to  take  place  against  the  will.  This  may  seem 
contrary  to  every  one^s  daily  experience ;  but  it  is  nevertheless 
true.  The  movement  by  which  the  food  is  carried  back,  beneath 
the  aroh  of  the  palate,  into  the  pharynx,  is  effected  by  the  will ; 
but  when  it  has  arrived  there,  it  is  laid  hold  of,  as  it  were,  by 
the  muscles  of  the  pharynx,  and  is  then  carried  down  involun- 
tarily. It  has  several  times  happened,  that  a  feather,  with 
which  the  back  of  the  mouth  was  being  tickled  to  excite  vomit- 
ing, having  been  introduced  rather  too  far,  has  been  thus  grasped 
by  the  pharynx,  and  has  been  swallowed.  Moreover,  we  cannot 
perform  the  act  of  swallowing,  without  carrying  «om«tAiii^  back- 
wards upon  the  tongue  ;  and  it  is  the  contact  of  this  wmkMng^ 
even  if  it  be  only  a  little  saliva,  with  the  membrane  lining  the 
pharynx,  that  produces  the  muscular  movement  in  question. 
This  action  is  one  of  the  kind  now  denominated  reflex.  It  b 
produced  through  the  nervous  system ;  for  if  the  nerves  supply- 
ing the  part  be  divided,  it  will  not  take  place.  But  it  does  not 
depend  upon  the  brain  :  for  it  may  be  performed  after  the  brain 
has  been  removed,  or  when  its  power  has  been  destroyed  by  a 
blow.  It  is  caused  by  the  conveyance  to  the  top  of  the  Spfaial 
Cord,  of  the  impression  make  on  the  lining  of  the  pharynx ;  this 
impression,  conveyed  through  one  set  of  nerves,  excites  in  the 
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Spinal  cord  a  motor  power ;  which,  being  transmitted  through 
another  set  of  nerres,  calls  the  muscles  into  action. 

196.  This  action  is,  therefore,  neeenarily  connected  with  the 
impression ;  so  long  as  this  portion  of  the  spinal  cord,  and  the 
nerves  proceeding  from  it,  are  capable  of  performing  their  func- 
tions :  and  it  is  one  of  those  to  which  we  may  give  the  name  of 
instinaive^  to  distinguish  it  from  those  which  are  effected  by  an 
effort  of  the  wiU,  intentionally  directed  to  accomplish  a  certain 
pnipose.  It  may  even  take  place,  without  the  animal  being 
aware  of  the  contact  of  any  substance  to  be  swallowed  with  the 
lining  of  the  pharynx ;  for  there  is  good  reason  to  believe  that 
when  the  brain  has  been  destroyed,  or  paralysed  by  a  blow,  all 
sensibility  is  destroyed ;  and  we  have  also  sufficient  reason  to 
consider  it  as  suspended  in  profound  sleep  or  apoplexy;  in  which 
states  swallowing  is  still  performed.  In  the  severest  cases  of 
apoplexy,  however,  the  power  of  swallowing  is  lost ;  and  this  is 
a  symptom  of  great  danger,  since  it  shows  that  not  the  brain 
alone,  but  the  upper  part  of  the  spinal  cord,  is  suffering  from 
the  pressure;  and  that  the  movements  of  respiration,  which 
depend  upon  a  similar  action  of  the  nervous  system  (Chap,  vi.) 
will  probably  soon  cease,  so  that  death  must  ensue. 

Chymification, 
197.  The  food,  thus  propelled  downwards  by  the  action  of 
the  moscles  of  the  pharynx  and  of  the  oesophagus  (gullet)  arrives 
in  Man  and  the  Mammalia,  at  the  Homach ;  which  is  a  large 
membranous  bag,  placed  across  the  upper  part  of  the  abdomen 
(Fig.  106).  The  form  of  this  stomach  varies  much,  according 
to  the  nature  of  the  aliment  to  be  digested.  Where  the  food  is 
Animal  flesh,  which  is  easily  dissolved,  the  stomach  is  small,  and 
appears  like  a  mere  enlargement  of  the  digestive  tube  ;  this  is 
the  case  in  the  Cat  tribe,  for  example.  In  Herbivorous  animals, 
^  the  contrary,  the  stomach  is  very  large,  the  food  being  delayed 
there  a  long  time  on  account  of  the  difficulty  with  which  it  is 
digested ;  and  the  principal  part  of  its  cavity  is  not  a  simple 
^latgement  of  the  digestive  tube,  but  a  bag  or  sac  that  bulges 
OQt,  as  it  were,  on  the  left  side  of  that  canal.     By  the  degree  of 
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tbia  buIgtDg,  we  can  judge  of  tlie  utuie  of  the  food  on  which 
the  aninul  is  destined  to  live.  Thns  in  Man  (Fig.  106),  the 
large  end  of  the  etomacb,  situated  on  the  left  side  (the  rufht  side 


Fro,  108— J>ioii»ii»«  AFFAunn  or  Hiir. 

of  the  fignre  as  we  look  at  it)  ia  moderately  developed ;  ahoiring, 
as  we  might  expect  from  the  form  of  bis  teeth,  as  well  aa  from 
his  natural  tastes,  that  he  is  adapted  for  a  diet  in  which  animal 
and  vegetable  food  are  mixed.  In  the  purely  camiTorona  tribes, 
this  large  end  of  the  stomach  is  almost  deficient;  whilst  in  the 
berbiTorona  races,  it  ia  enormously  developed,  and  aometimes 
forms  a  distinct  pouch. 
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198.  The  moet  complex  form  of  the  stomach  among  Mam- 
malia, IB  that  which  we  find  in  the  animals  that  ruminata  or 
chew  the  end.  It  poseesses,  in  fact,  no  less  than  four  distinct 
cavities,  throngfa  all  of  which  the  food  has  to  pass,  during  the 
process  of  digestion.  The  external  appearance  of  the  stomach  of 
the  Sheep  is  seen  in  Fig.  107  i  ^nd  its  interior  is  displayed  in 
Fig.  ]08.     The  food  of  the  Ruminant  animals  is  not  ohewed  hy 


them,  hefore  it  is  first  swallowed.  In  their  wild  state,  they  are 
pKoIiarly  exposed  to  the  attacks  of  their  carnivorous  enemies, 
vben  they  come  down  from  their  rocky  heights  to  hrowse  upon 
the  rich  pastures  of  the  valleys.  If  tliey  were  then  obliged  to 
oiuticate  every  mouthful,  they  would  be  exposed  to  loog-conti- 
nned  danger  at  every  meal ;  but,  by  tbe  curious  construction  of 
the  digestive  apparatus,  this  is  spared  to  them ;  for  they  are  enabled 
to  swallow  their  food  as  fast  as  they  can  crop  it,  and  afterwards 
to  return  it  to  their  mouths,  and  masticate  it  at  their  leisure, 
when  they  have  retreated  to  a  place  of  safety.  The  crude  un- 
■nasticated  food,  which  is  brought  down  by  the  ceeophagus,  first 
enters  the  large  cavity  on  the  left  side,  which  is  commonly  termed 
the  jHiunM.  It  is  there  soaked,  as  it  were,  iu  the  fluid  secreted 
by  its  walls ;  and  is  then  transmitted  to  the  second  cavity,  which, 
froa  the  sort  of  network  produced  by  the  irregular  folding  of  ita 
lining  membrane,  is  called  the  reticulum  or  bimsy-comb  tlomaeA. 
This  stomach  also  has  a  direct  communication  with  the  eesophagus. 
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and  appeant  deBtined  cepecially  to  receive  the  fluid  that  is  swal- 
lowed; for  this  paesea  immediatelj'  into  it,  without  going  into  the 
first  stomach  at  all.  The  folds  of  its  lining  membrane  seem  des- 
tined to  present  a  large  surface,  through  which  fluid  may  be 
absorbed  into  the  system.  It  ia  here  that  we  find  the  curious 
arrangement  of  water-cells  in  the  stomach  of  theCamel ;  by  which 
that  animal  ia  enabled  to  retain  a  supply  of  water  for  several 
days.  These  cells  are  nothing  else  than  the  little  pits  which  are 
seen  in  the  honey-comb  stomach  of  the  Slieep;  they  are  much 
deeper,  however,  and  each  may  be  closed  at  the  top  by  the 
drawing-together  of  its  orifice.  This  is  accomplished  by  a  set  of 
muscular  fibres  which  form  a  net  work,  passing  in  every  direction 
round  the  orifices ;  and  a  similar  arrangement  of  these  fibres  is 
seen  even  in  Man,  in  whose  stomach  the  cells  do  not  exist. 

199.  In  the  second  stomach,  the  food  transmitted  from  the 
first  is  rolled  up,  as  it  were,  into  balls,  which  are  returned  at 
intervals  to  the  mouth.  There  they  are  completely  reduced  by 
mastication  and  insalivation ;  and  are  then  ready  for  the  real 
process  of  digestion.     It  is  this  mastication  which  is  commonly 


known  as  the  "  chewing  of  the  cud ;"  and  the  animal,  whilst 
performing  it,  seems  the  very  picture  of  placid  enjoyment. 
When  agun  swallowed,  the  food  is  directed,  by  a  pecniiar 
valvular  groove  at  the  bottom  of  the  cesophagus,  into  the  third 
stomach,  commonly  termed  the  manyptiei,  from  the  peculiar 
niAuner  in  which  its  lining  membrane  is  arranged.  This  presents 
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a  number  of  folds,  lying  nearly  close  to  one  another,  like  the 
leaves  of  a  book,  but  all  directed,  by  their  free  edges,  towards 
the  centre  of  the  tube, — a  narrow  fold  intervening  between  each 
pair  of  broad  ones.  The  food  has,  therefore,  to  pass  oyer  a  large 
sni&ce,  before  it  can  reach  the  outlet  of  the  cavity ;  and  this 
leads  to  the  fourth  stomach,  commonly  termed  the  reed.  This  is 
the  seat  of  the  true  process,  the  gastric  juice  (§.  204)  being 
formed  here  only ;  and  it  is  from  this  that  the  rennet  is  taken, 
which  is  used  in  making  cheese,  to  cause  the  milk  to  coagulate 
or  cardie.  In  the  sucking  animal,  the  milk  passes  directly  into 
thb  fourth  stomach,  without  entering  either  the  first  or  second 
stomachs,  and  without  being  delayed  in  the  third,  the  folds  of 
which  adhere  together  at  that  time,  so  as  to  form  a  narrow 
undivided  tube.  The  paunch  is  at  that  time  comparatively  small, 
being  of  less  mze  than  the  reed ;  and  its  dimensions  increase,  as 
soon  as  the  young  animal  begins  to  distend  it  by  swallowing  solid 
vegetable  matter. 

200.  In  the  digestive  apparatus  of  Birds,  we  find  a  consider- 
able modification  of  form,  resulting  from  the  fact  that,  as  these 
animals  do  not  masticate  their  food,  they  require  some  other 
means  of  reducing  it.  This  means  is  provided  for  them  in  their 
stomach.  In  the  tribes  whose  food  is  of  such  a  nature  as  to 
require  being  moistened  before  it  is  rubbed  down,  and  especially 
in  those  which  feed  upon  grains,  the  oesophagus  has  a  pouch-like 
dilatation,  termed  the  crop  or  craw;  in  this  it  is  retained,  and 
exposed  to  the  action  of  fluid  secreted  by  its  walls,  just  as  it  is 
in  the  paunch  of  ruminant  quadrupeds.  This  crop  is  of  enormous 
nse  in  some  of  the  gran%vorou9  (grain-eating)  birds,  such  as  the 
Turkey.  The  second  stomach  (or  wntriculvu  succenturicUus)  is 
the  one  in  which  the  gastric  juice  is  secreted ;  but  this  is  seldom 
brge  enough  to  retain  the  food,  which  passes  on  through  it  to 
the  gisEard,  a  hollow  muscle,  furnished  with  a  hard  tendi- 
nous lining.  In  the  granivorous  birds  this  is  extremely  strong 
Md  thick ;  and  pieces  of  gravel  are  swallowed  by  them,  which, 
being  worked  up  with  the  food  by  the  action  of  the  gizzard,  assist 
in  its  reduction.  In  the  rapacious  flesh  or  fish  eating  birds, 
however,  no  such  assistance  is  required,  the  food  being  easy  of 
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solntion ;  the  walla  of  their  giosrd  are  canseqaently  tiiin,  pos- 
aeBBing  but  few  tendinous  fibres;  and  the  three  cavities  of  the 
stomach  we  almost  tinited  into  one. 


201.  Yarioua  experiments  have  been  made  to  test  the 
meohanioal  powers  of  the  gioard  of  Birds.  Balls  of  glass  which 
they  were  made  to  swallow  with  their  food,  were  soon  groand 
to  powder  ;  and  the  points  of  needles  and  of  lancets,  fixed  in  a 
ball  of  lead,  were  blunted  and  broken  off  hy  the  power  of  the 
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gisard,  vbilst  its  own  internal  coat  did  not  appear  to  be  in  tha 
but  injured.  Oo  the  other  hand  it  has  been  ascertiuned,  that 
f^tia  enclosed  in  metal  balls  which  protected  it  from  the 
■nechanioal  action  of  the  gizsatd,  but  which  were  perforated  eo 
u  to  afford  the  gastric  flnid  free  access  to  their  contoitB,  was  not 
ID  the  least  digested  ;  so  that  the  utility,  and  even  the  necearitj' 
of  tliis  operation,  become  evident. 

302.  As  tiiere  are  few 
laimab,  save  the  Uammolia, 
th»t  perform  any  proper  mas- 
ttcadoii  in  their  rooutfaB,  the 

giinding  down  of  their  food  „ 

(where  it  is  of  ench  a  nature 
as  to  require  it)  must  be  per- 

fwmed  in  their  stomach  ;  and  ^ 

iwordiogly    we    find    many 

tribes,  belonging  to  different  , 

di«Kon8  of  the  animal  king- 
iom,  in  which  a  gi^nrd,  or 

Kimetbing  analogous    to    it,  ^ 

eiists.  It  is  possessed  by 
ilmott  all  the  Cephalopoda, 
u>d  by  many  of  tJie  Gaster- 
opoda. In  the  walls  of  the 
stomach  of  one  of  these  last, 

tWe  is  a  considerable  amount  * 

of  mineral  matter  deposited; 
intermixed  with  the  hard 
tradinoTiB  fihree  of  which 
thej  chiefly  consist.  A 
powerful  gixzard  is  also 
round  in  many  Insects,  but 
here  it  is  placed  above  the  di- 
gestive stomach  (Fig.  1 10,  e). 
Tie  accompanying  figure  ex- 
hibits the  alimentary  canal  of  Fm.  no— Diomii»«  aphmtv*  o» 
*  Beetle,  from  its  commence- 
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ment  to  its  termination.  At  a  is  seen  the  head,  hearing  the 
jaws,  &c. ;  from  this  the  gullet  passes  straight  backwards,  and  is 
dilated  into  a  crop  at  &,  below  which  is  the  gizzard,  c.  This 
opens  at  its  lower  end  into  the  true  digestive  stomach,  i; 
which  is  surrounded  hy  an  immense  number  of  little  foUicUi  or 
bags,  by  which  the  secretion  of  the  gcutrie  juiee  is  effected 
(§.  204).  Into  the  lower  end  of  this,  the  long  vessels, 0, open,  which 
constitute  in  Insects  the  only  rudiment  of  a  liver  (Chap.  vin.). 
In  many  of  the  Crustacea,  the  walls  of  the  stomach  are  beset  with 
regular  rows  of  teeth,  which  are  moved  by  the  action  of 
powerful  muscles.  These  teeth  are  cast  or  shed  at  the  same 
time  with  the  shell.  In  the  higher  Polypes  it  will  be  remem- 
bered that  a  gizzard  exists  between  the  oesophagus  and  the  true 
digestive  stomach;  and  the  stomach  itself  is  suirounded  by 
the  little  follicles  which  secrete  the  bile,  and  pour  it  into  that 
cavity  (§.  134)  In  the  Rotifera,  the  place  of  the  gisard  is 
occupied  by  a  curious  pair  of  jaws,  armed  with  teeth  ;  by  the 
working  of  which,  the  food  is  effectually  crushed  (§.  117)- 

203.  In  animals  which  subsist  exclusively  on  flesh,  however, 
no  such  complicated  apparatus  exists.  Thus  in  Serpents,  the 
stomach  is  but  a  slight  dilatation  of  the  alimentary  tube ;  aod 
it  is  not  easy  to  say  where  it  commences  and  terminates.  In 
Spiders  and  Scorpions,  too,  which  live  upon  the  juices  they  suck 
from  other  animals,  the  alimentary  tube  is  very  simple ;  and  is 
scarcely  dilated  into  a  proper  stomach.  And  in  most  of  the 
Radiated  classes,  we  find  the  stomach  to  possess  only  one  orifice, 
through  which  the  undigested  residue  of  the  food  is  cast  out,  as 
well  as  fresh  supplies  taken  in  (§.  14).  But  this  stomach  is 
not  always  a  simple  bag  ;  thus  in  the  Star-Juh  it  sends  prolonga- 
tions into  the  rays,  the  use  of  which  is  at  present  unknown. 

Nature  of  the  Digestive  Process. 

204.  The  food  which  has  been  reduced  in  the  mouth  by  the 
action  of  the  teeth,  or  in  the  stomach  itself  by  the  movement  of 
its  own  tendinous  walls,  is  prepared  for  the  real  process  of 
diction;  by  which  it  is  converted  into  a  fluid,  and  thus  made 
fit  to  be  truly  received  into  the  system,   by  being  absorbed 
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into  its  Yesaels.  The  chief  agent  in  the  digestive  process  is  a 
fluid  termed  the  goitric  juioe^  which  is  secreted  or  separated  from 
the  blood  by  a  vast  number  of  little  bags  or  follicles,  imbedded 
in  the  walls  of  the  stomach.  When  the  cavity  is  empty,  this 
fluid  is  secreted  in  very  small  quantities ;  but,  like  the  salivary 
secretion,  it  is  poured  out  in  abundance,  when  the  lining  mem« 
brane  is  stimulated  by  the  contact  of  food,  especially  sotid  food. 
But  only  a  certain  quantity  is  secreted  at  any  one  time ;  and  this 
quantity  is  just  that  which  is  sufficient  to  dissolve  food  enough 
for  the  supply  of  the  natural  wants  of  the  system.  The  contact 
of  any  solid  substances  with  the  interior  of  the  stomach,  is  suffi- 
cient to  produce  a  flow  of  this  fluid  into  its  cavity ;  but  the 
secretion  soon  ceases,  if  the  substance  be  not  of  an  alimentary 
nature. 

205.  The  sense  of  hunger  appears  due  to  the  distention  of 
the  blood-vessels  of  the  stomach,  which  takes  place  in  prepara- 
tion for  the  secretion  of  the  gastric  fluid.  This  determination 
of  blood  towards  the  stomach  seems  to  occur  whenever  the  body 
needs  a  fresli  supply  of  nourishment ;  and  it  ceases  as  soon  as  a 
sufficient  amount  of  gastric  fluid  has  been  drawn  off.  Hence  it 
is,  that  hunger  is  relieved  by  eating ;  and  hence  it  is,  also,  that 
hunger  is  for  a  time  relieved  by  taking  solid  substances  into  the 
stomach,  even  though  they  contain  no  nourishing  matter.  It  is 
from  this  cause,  too,  that  savage  nations  are  in  the  habit  of  mix- 
ing indigestible  solid  matter,  with  the  fluids  that  sometimes  con- 
stitute their  principal  articles  of  food.  Thus  the  Kamschatdales 
mix  earth  or  saw-dust  with  the  train-oil,  on  which  alone  they  are 
frequently  reduced  to  live ;  and  the  Veddahs  or  wild  hunters  of 
Ceylon,  on  the  same  principle,  mix  the  pounded  fibres  of  soft  or 
decayed  wood  vdth  the  honey,  on  which  they  feed  when  meat  is 
not  to  be  had.  One  of  them  being  asked  the  reason  of  the  prac- 
tice, replied,  ^^  I  cannot  tell  you,  but  I  know  that  the  belly  must 
be  filled."  It  has  been  found  by  experiment,  that  soups  and 
other  forms  of  fluid  aliment  are  not  alone  fit  for  the  support  of 
the  system,  even  though  they  may  contain  a  large  amount  of 
nutritions  matter ;  and  the  medical  man  well  knows,  that  many 
persons  have  stomachs  too  weak  and  irritable  to  retain  slops  («« 


168  PROPEBTIB8  OF   THB   GASTRIC  FLUID. 

they  are  commonly  termed),  who  can  yet  digest  solid  food  of  a 
simple  kind.  All  these  instances  show,  that  the  contact  of  a 
solid  substance  with  the  walls  of  the  stomach,  is  the  proper 
stimulus  or  excitement  to  the  secretion  of  the  gastric  fluid. 

206.  This  fluid,  when  poured  upon  the  food,  is  thoroughly 
mixed  up  with  it  by  a  peculiar  movement  of  the  walls  of 
the  stomach ;  which  is  continually  bringing  into  contact  with 
its  sides,  fresh  portions  of  the  alimentary  mass,  so  that  the 
whole  is  after  a  time  equally  exposed  to  the  influence  of  the 
gastric  fluid.  If  this  moyement  were  not  to  take  place,  only  the 
outside  of  the  mass  would  be  digested,  and  the  central  portion 
would  remain  but  little  affected. 

207.  The  nature  of  the  gastric  fluid,  and  the  mode  of  its 
operation  upon  the  food,  have  been  studied  by  withdrawing  a 
portion  of  it  from  the  stomach,  and  by  observing  its  properties 
and  actions  out  of  the  body.  A  sufficient  quantity  for  this  pur- 
pose cannot  be  easily  procured.  Spallanzani,  an  Italian  phy- 
siologbt  of  the  last  century,  contrived  to  obtain  it,  by  causing 
birds  and  other  animals  to  swallow  sponges  to  which  pieces  of 
thread  were  attached ;  these,  when  they  had  remained  long 
enough  in  the  stomach  to  cause  a  secretion  of  the  gastric  juice, 
were  drawn  up  again ;  and  the  fluid  they  had  absorbed  was 
pressed  out  into  vessels,  in  which  its  properties  could  be  exa- 
mined. More  recently,  however,  an  advantageous  opportunity 
has  presented  itself  to  Dr.  Beaumont,  an  American  physician,  for 
obtaining  supplies  of  gastric  fluid  in  a  less  objectionable  manner. 
A  young  man,  named  Alexis  St.  Martin,  received  a  very  severe 
wound  in  his  left  side,  by  the  bursting  of  a  gun ;  and  although 
this  wound  had  laid  open  the  cavity  of  his  stomach,  he  recovered 
his  health  completely,  and  subsequently  married  and  had  a 
family.  There  remained,  however,  an  aperture  in  his  stomach, 
which  would  not  close  up ;  and  through  this  orifice,  which  was 
usually  closed  by  a  bandage,  the  contents  of  the  stomach  could 
be  drawn  out.  The  gastric  juice  was  obtained  by  introducing 
an  India-rubber  tube  into  the  stomach,  when  it  was  empty)  and 
moving  it  about  within  the  cavity;  the  contact  of  the  tube  then 
excited  the  follicles  to  secretion  f  on  the  principle  already  men- 
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tioned,  §.  204)  ;  and  the  fluid  thus  poured  into  the  stomach  was 
drawn  off  through  the  tube. 

208.  The  gastric  juice  is  Tery  like  saliva  in  its  appearance  ; 
bat  it  is  distinctly  acid  to  the  taste ;  and  it  is  found,  by  che- 
mical examination,  to  contain  a  considerable  quantity  of  the 
moiiatic  and  acetic  acids*,  in  an  uncombined  state.  Besides 
these,  it  contains  a  considerable  quantity  of  animal  matter  which 
bean  some  resemblance  to  albumen  ;  as  well  as  other  ingredients 
which  seem  to  be  of  less  importance.  This  fluid  was  found  by 
Dr.  Beaumont  to  possess  the  power  of  dissolving  various  kinds 
of  alimentary  substances,  when  these  were  submitted  to  its 
ftction  at  the  constant  temperature  of  100^  (which  is  about  that 
of  the  stomach),  and  were  frequently  shaken  up  with  it.  The 
flolation  appeared  to  be  in  all  respects  as  perfect,  as  that  which 
natarally  takes  place  in  the  stomach,  but  required  a  longer  time. 
This  is  readily  accounted  for,  when  we  remember  that  no 
ordinaiy  shaking  can  produce  the  same  efiect  with  the  curious 
movements  of  the  stomach;  and  that  the  continual  removal, 
from  its  cavity,  of  the  matter  already  dissolved  (which  passes 
into  the  intestine),  must  aid  the  operation  of  the  solvent  upon 
the  remainder. 

209.  It  is  a  fact  of  great  practical  importance,  that  a  certain 
quantity  of  the  gastric  fluid  can  act  only  upon  a  limited  amount 
of  alimentary  matter ;  so  that,  if  more  food  be  taken  into  the 
stomach  than  the  gastric  fluid  can  dissolve,  it  remains  there  un- 
digested. Now  it  has  been  already  mentioned,  that  the  quantity 
of  the  gastric  fluid  secreted  at  any  one  time  is  proportional,  not 
to  the  amount  of  food  in  the  stomach,  but  to  the  wants  of  the 
sjrtein ;  80  that,  if  more  food  be  swallowed  than  is  required  to 
repair  tbe  waste  of  the  body,  it  lies  for  some  time  unchanged  in 
the  stomach,  and  becomes  a  source  of  irritation,  which  prevents 
the  due  dischai^e  of  its  functions ;  and  the  evil  goes  on  increasing 
^th  every  addition  to  the  contents  of  the  cavity.  This  may 
not  he/eli  by  the  individual  at  the  time ;  but  it  leaves  permanent 
eftcts,  which  manifest  themselves  sooner  or  later,  in  derange- 

*  Muriatic  acid  ia  commonly  known  u  spirit  of  salt ;    and  acetic  acid  at 
vinegar. 
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meot  of  the  general  health*  The  hahit  of  taking  more  food  than 
is  really  necessary,  and  of  irritating  the  stomach  by  sttmnlating 
substances  or  fluids  (such  as  pepper,  mustard,  spirits,  &c.),  is  a 
fertile  source  of  disease.  The  injurious  efiects  of  these  are  mani- 
fested by  the  thirst  which  is  the  consequence  of  their  use,  and 
which  is  a  call  (as  it  were)  on  the  part  of  the  stomach,  to  pre- 
vent their  irritating  action  by  diluting  them  with  water. 

210.  With  regard  to  the  precise  mode  in  which  the  gastric 
fluid  acts,  in  dissolving  the  substances  introduced  as  food  into 
the  stomach,  there  is  yet  some  uncertainty ;  although  there  can 
be  no  longer  any  reasonable  doubt,  that  the  operation  is  of  a 
purely  chemical  nature.  An  artificial  gastric  fluid,  capable  of 
effecting  all  that  can  be  done  by  that  which  is  secreted  in  the 
living  stomach,  may  be  made,  by  macerating  (or  soaking)  a 
portion  of  the  membrane  lining  the  stomach  of  a  pig,  or  the 
fourth  stomach  of  a  calf  (even  after  it  has  been  washed  and 
dried),  in  water  made  slightly  sour  with  muriatic  acid.  It  has 
been  proved  that  both  the  add  and  the  animal  matter  are  essen- 
tial to  the  process  of  solution ;  for  the  acidulated  fluid,  without 
the  animal  matter,  acts  extremely  slowly  upon  pieces  of  meat, 
hard-boiled  egg^  &c.,  submitted  to  it ;  and  water  in  which  the 
stomach  has  been  macerated,  but  which  contains  no  acid,  will 
not  act  at  alL  But  the  acidulated  water  alone  will  readily  dis- 
solve the  substances  just  mentioned,  at  a  higher  temperatore; 
and  thus  it  appears  that  the  acid  is  the  real  solvent ;  and  that 
the  animal  matter  (to  which  the  name  of  pepsin  has  been  given) 
has  for  its  office  to  produce  some  change  in  the  alimentary  sub- 
stances, by  which  they  are  more  readily  dissolved.  The  recent 
inquiries  of  Liebig  and  other  Chemists,  render  it  probable  that 
this  change  is  of  the  nature  of  fermentation. 

211.  The  food  is  thus  reduced  in  the  stomach  to  a  kind  of 
pulp,  which  is  termed  chyme.  Its  consistency  will,  of  oouise, 
vary,  according  to  the  nature  of  the  food,  and  the  quantity  of 
fluid  in  the  stomach ;  but  in  general  it  is  grayish,  semi-fluid,  and 
uniform  throughout.  When  the  food  has  been  of  a  rich  cha- 
racter, its  aspect  resembles  that  of  cream ;  and  when  the  food 
has  consisted  of  farinaceous  substances  (rice,  potatoes,  &c.)  the 
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chyme  is  more  like  groel.  At  the  point  where  the  stomach 
opens  into  the  intestinal  canal,  there  is  a  kind  of  yalve,  which 
permits  the  chyme  to  pass  as  fast  as  it  is  formed,  but  closes 
against  the  portions  of  the  food  which  are  yet  solid  and  un- 
digested ;  and  thus  the  chyme  escapes  from  the  stomach  in 
succeasive  waves,  slowly  at  first,  but  afterwards  more  rapidly, 
as  the  digestive  process  comes  near  to  its  completion. 

ChylifieaHan. 
212.  The  blood-vessels,  which  are  abundantly  distributed  on 
the  walls  of  the  stomach  of  higher  animals,  have  the  power  of 
absorbing  water  from  its  cavity,  and  will  also  take  up  any  thing 
that  is  completely  dissolved  in  water ;  but  they  do  not  seem  to 
have  any  share  in  the  absorption  of  the  alimentary  matter, 
which  is  taken  up  by  a  peculiar  set  of  vessels,  that  commence  in 
the  intestinal  tube  by  a  multitude  of  little  rootlets,  and  are 
specially  destined  for  this  important  function.  These  vessels 
are  called  lactetds^  from  the  milky  or  white  opaque  appearance 
of  the  fluid  they  contain,  which  is  termed  chyle.  This  chyle  is 
formed  from  the  chyme,  soon  after  the  latter  has  quitted  the 
stomach,  by  the  mixture  with  it  of  the  hiU^  which  is  secreted 
from  the  liver,  and  poured  into  the  intestine  near  its  commence- 
ment. The  nature  of  the  change  thus  effected  is  not  well 
understood  ;  but  Dr.  Beaumont  found  that,  by  mixing  the 
chyme  drawn  from  the  stomach  of  his  patient,  with  bile,  it 
separated  into  three  distinct  parts, — ^a  reddish-brown  sediment 
at  the  bottom,— a  whey-coloured  fluid  in  the  centre, — and  a 
creamy  layer  upon  the  top.  The  sediment,  partly  consisting  of 
the  indigestible  portion  of  the  food,  and  partly  of  the  colouring 
matter  of  the  bile  itself,  is  destined  to  be  carried  out  through  the 
intestinal  tube,  whilst  the  remainder  is  to  be  absorbed  by  the 
iacteals.  The  creamy  layer  consists  of  fatty  particles,  which 
seem  partly  derived  from  the  food,  and  partly  from  the  bile ; 
and  it  is  to  the  admixture  of  these  in  the  chyle,  that  its  milky 
aspect  is  chiefly  due.  The  whey-looking  portion  probably 
consists  of  the  albuminous  matter  which  the  food  contained, 
now  completely  dissolved  in  water.     The  bile  contains  an  alkali, 
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soda,  whicb  rather  more  than  neutralizes  the  acid  of  the  gastric 
fluid ;  so  that  the  chyle  now  becomes  rather  alkaline  than  acid. 

213.  The  process  of  digestion  is  by  no  means  completed  in 
the  stomach ;  for  much  of  the  matter  which  escapes  from  it  in 
the  chyme  is  destined  to  undergo  a  further  change,  whilst  passing 
through  the  intestinal  canal;  especially  in  the  herbivorous  tribes, 
whose  food  is  less  digestible  than  that  of  the  camiTorous  races, 
and  requires  to  be  long  delayed  in  the  intestinal  canal,  in  order 
that  it  may  yield  up  its  nutritious  portion.  Hence  we  find  this 
canal  of  enormous  extent  in  most  animals  whose  food  is  vege- 
table :  thus  in  the  Sheep  it  is  about  twenty-eight  times  the  length 
of  the  body.  But  in  the  purely  carnivorous  animab  it  is  compa- 
ratively short ;  thus  in  the  Lion,  it  is  only  about  three  times  the 
length  of  the  body ;  and  in  the  Serpent  it  runs  almost  straight 
from  one  extremity  to  the  other  (§.  94).  In  animals  which  live 
on  a  mixed  diet,  it  is  of  medium  length ;  thus  in  Man,  the  intes- 
tinal tube  is  about  six  times  as  long  as  his  body.  The  intestinal 
tube  is  usually  distinguished  into  the  small  and  the  lar^^e  intes- 
tine ;  of  which  the  small  is  the  first  portion,  and  the  large  the 
second.  The  former,  as  seen  in  Fig.  106,  is  disposed  in  a  very 
much  convoluted  or  twisted  manner,  so  that  a  great  extent  of  it 
may  be  packed  within  a  small  compass ;  it  usually  forms  about 
three-fourths  of  the  whole  length  of  the  canal.  It  is  held  in  its 
place  by  a  serous  membrane  termed  the  periUmeunij  which  forms 
an  immense  number  of  folds  that  suspend  it  (as  it  were)  from 
the  vertebral  column ;  but  these  still  allow  it  a  considerable 
power  of  movement. 

214.  It  is  chiefly  in  the  small  intestines,  that  the  process  of 
digestion  is  continued ;  and  it  is  from  their  walls,  that  the  lac- 
teals  absorb  the  nutritious  fluid.  At  the  extremity  of  the  small 
intestine,  there  is  a  kind  of  pouch,  called  the  eoocum;  which  in 
some  animals  seems  almost  like  a  second  stomach,  and  which  is 
furnished  with  one  or  more  little  appendages,  termed  ecsea.^ 
This  is  very  small  in  Man,  and  does  not  seem  to  perform  any 
important  function ;  but  in  most  herbivorous  animals  it  is  larger 

*  The  word  caeum  is  used  in  Anatomy  to  denote  a  tube  closed  at  one 
exlrcmitjr. 


PASSAGE  OF    FOOD   ALONG   THE    INTESTINAL   CANAL.  173 

(as  in  the  Monkey,  Fig.  19)  ;  and  it  is  found  to  secrete  an  acid 
flaid,  which  resemhles  the  gastric  juice,  and  which  may  have  for 
its  office  to  perform  a  second  digestion  upon  the  substances  which 
have  escaped  the  first.  These  coeca  are  sometimes  very  large 
in  the  intestinal  canal  of  Birds  (Fig.  109).  From  the  coecum, 
the  large  intestine  ascends  as  high  as  the  liver,  crosses  the  upper 
part  of  the  abdomen,  and  then  descends  again,  as  shown  in 
Fig.  106 ;  this  portion  is  termed  the  colon  ;  and  it  terminates  in 
the  reehim^  which  forms  the  extremity  of  the  intestinal  tube. 

215.  The  alimentary  mass  is  propelled  along  the  first  part  of 
the  intestinal  canal, — and  the  residue  left  after  the  absorption  of 
the  chyle  is  carried  along  the  continuation  of  it, — ^by  the  contrac- 
tion of  its  muscular  coat,  producing  what  is  termed  the  peristdUic 
motion  of  the  bowels.  The  fibres  of  this  muscular  coat  are  chiefly 
arranged  in  a  ring-like  manner  around  the  tube ;  so  that,  when 
they  contract,  they  narrow  the  diameter  of  the  tube.  They  are 
stimQlated  to  contract  by  the  contact  of  the  solid  or  liquid  matter 
pasdng  through  it  (Chap,  xii.) ;  and  thus  they  force  this  matter 
onwards,  into  the  succeeding  portion  of  the  tube.  This  contracts 
in  its  turn,  and  propels  its  contents  further ;  and  thus  the  mass 
is  gradually  driven  from  one  extremity  of  the  canal  to  the  other. 
The  peristaltic  movement  does  not  depend  (as  do  the  contractions 
of  the  muscles  concerned  in  swallowing,  §.  195)  upon  the  nervous 
system  ;  for  it  will  take  place  after  the  intestinal  tube  has  been 
completely  separated  from  all  its  nerves;  and  also  after  the 
death  of  the  animal,  if  this  have  been  produced  by  a  sudden 
cause.  Thus,  if  a  Rabbit  be  killed  by  a  smart  blow  at  the  top 
of  the  neck,  and  the  abdomen  be  immediately  opened,  the  peri- 
staltic movement  will  be  seen  in  vigorous  action,  especially  if 
the  animal  have  eaten  a  full  meal  an  hour  or  two  previously. 

Drfecation. 

216.  In  passing  through  the  large  intestine,  the  undigested 
rendue  is  still  more  completely  deprived  of  the  alimentary  matter 
it  may  contain ;  and  its  fluid  portion  is  absorbed,  so  that  it 
becomes  more  solid.  It  is  allowed  to  accumulate  in  the  rectum, 
notil  its  bulk  occasions  inconvenient  pressure  upon  the  surround- 
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ing  parts;  and  it  is  kept  in  by  a  circular  rauscle  or  «pAifictar, 
which  surrounds  the  outlet  of  the  alimentary  canal.  But  wfaoi 
the  accumulation  has  taken  place  beyond  this  amount,  it  excites 
a  reflex  action  (§.  195)  in  the  muscles  that  surround  the  abdo- 
men ;  and  these  make  pressure  su£Glcient  to  overcome  the  resbt- 
ance  of  the  sphincter,  and  to  force  out  the  contents  of  tbe 
rectum. 

Absorption  of  ChyU. 
217.  We  have  only  now  to  inquire  into  the  mode,  by  which 
the  nutritive  matter  extracted  from  the  food  is  taken  up  firom 
the  intestinal  tube,  and  applied  to  the  nutrition  of  the  body.  It 
has  been  already  mentioned,  that  simple  liquids  may  be  absorbed 
by  the  veins ;  but  the  selection  of  the  nutritive  portion  of  the 
fluid  in  the  intestines,  is  accomplished  by  the  peculiar  vessels 
already  mentioned  under  the  name  of  lacteals.  These  originate 
in  the  numberless  villi^  or  minute  projections,  with  which  the 
mucous  membrane  that  lines  the  alimentary  tube  is  oovered. 
Every  one  of  these  villi,  indeed,  may  be  regarded  as  a  minute 
rootlet,  analogous  to  the  epon^iolee  of  plants  (see  Yeobt.  Phys. 
§.  104),  and  having  the  absorption  of  nourishment  for  its  object 
It  is  copiously  supplied  with  blood-vessels ;  and  in  its  centre  is  the 
proper  absorbent  vessel,  one  of  the  commencements  of  a  lacteal 
trunk,  (a  a.  Fig.  2.)  This  vessel  does  not  reach  to  the  extremity  of 
the  villus,  nor  does  it  open  at  its  point  by  any  distinguishable  aper- 
ture ;  but  the  end  of  the  villus  is  formed  of  a  loose  tissue,  in  which, 
during  the  process  of  absorption,  distinct  cells  may  be  seen  in 
various  stages  of  development.  It  appears  almost  certain,  from 
the  recent  observations  of  Mr.  Goodsir,  that  the  absorption  of 
chyle  is  really  performed  by  these  cells^  of  which  a  fresh  crop  (as 
it  were)  is  produced  every  time  that  digestion  takes  place,  and 
chyle  is  prepared.  In  the  intervals,  no  cells  can  be  seen  in  the 
ends  of  the  lacteals ;  but  they  begin  to  be  developed,  finom  the 
germs  that  were  left  behind  by  the  previous  crop  as  soon  as  the 
chyle  is  prepared  ((^(^,  Fig.  2).  Their  growth  is  very  rapid,  and  their 
life  is  transitory.  In  growing,  they  absorb  into  themselves  part 
of  the  fluid  that  surrounds  them  ;  and  it  is  probable  that^  when 
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they  are  mature,  they  either  buret  or  diBsolve  Away,  and  deliver 
tbia  fluid  to  the  absorbent  Teasels. 

218.  Th«  vessels  which  thns  originate,  unite  into  minnte 
trunks,  and  these  agtun  into  larger  ones ;  and  theee  pass 
betw««ii  the  two  layers  of  the  metentery  (or  fold  of  peritonenm 
by  which  the  intestines  are  suspended,  {.  213)  towards  tho 
lower  part  of  the  spinal  column  :  where  they  deliver  tlieir  con- 
tents into  a  sort  of  reservoir,  which  thns  becomes  the  receptacle 
for  all  the  chyle  that  has  been  collected  from  the  alimentary 
caoaL  In  traversing  the  mesentery,  however,  the  lacteals  of  the 
higher  animals  pass  throngh  little  knot-like  bodies  of  a  pecniiar 
oatnre,  which  are  called  (though  improperly)  mesenteric  ^^ndr. 
When  tlM  etmctnie  of  one  of  these  is  carefully  examined,  it  is 


found  to  oonrist  of  one  or  more  lacteal  tabes,  very  much  pro< 
longed,  and  convoluted  or  twisted  together ;  and  of  blood-venels, 
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which  ramify  in  the  midst  of  these  conyolutions,  bnt  do  not  really 
unite  with  them.  In  Reptiles,  in  which  these  glands  do  not 
exist,  the  absorbent  vessels  are  much  more  extended  and  spread 
out  than  they  are  in  Birds  and  Mammalia ;  so  that  the  absence 
of  the  glands  is  in  some  degree  compensated. 

219.  But  the  reservoir  above  mentioned  receives,  notonlj 
the  lacteal  vessels  that  bring  nutritious  matter  firom  the  intestinal 
tube,  but  also  lymphcUicSy  which  are  absorbent  vessels  of  dmilar 
character,  that  originate  in  every  part  of  the  body.  These,  also, 
pass  through  a  set  of  (so-called)  glands,  in  their  way  towards 
this  receptacle ;  and  the  structure  of  these  glands,  of  which  many 
are  seated  in  the  neck,  some  in  the  arm-pit,  others  in  the  groin, 
&c.,  is  exactly  the  same  as  that  of  the  mesenteric  glands.  The 
fluid  they  convey  is  of  nearly  the  same  character  with  that 
brought  by  the  lacteals,  and  is  evidently  destined  to  be  again 
applied  to  the  purposes  of  nutrition.  It  has  been  stated  (§.  53) 
that  almost  every  part  of  the  body  is  in  a  state  of  continnal 
decay ;  and  thus  a  quantity  of  organised  matter  is  being  con- 
stantly removed,  being  replaced  by  that  which  is  newly  formed. 
Of  this,  a  portion  is  doubtless  unfit  to  be  retained  within  the 
body ;  and  this  is  cast  off  by  the  various  processes  of  Excretion : 
but  it  appears  that  another  part  may  be  again  made  use  of;  and 
that  this  is  taken  up  by  the  lymphatics,  and  brought  to  the  cen- 
tral receptacle  to  be  mixed  with  the  newly-absorbed  chyle.  Thns 
an  animal  may  be  said  in  some  degree  to  live  upon  its  own  flesh; 
and  there  is  no  want  of  evidence  that  this  is  the  case.  Nor  is 
there  anything  more  strange  in  the  conversion  of  some  of  the  dead 
particles  of  the  body  itself  into  living  tissues,  than  in  the  like 
conversion  of  similar  dead  particles  derived  from  other  animals, 
and  taken  in  as  food.  The  lymphatics  also  occasionally  absorb 
substances  that  are  placed  in  contact  with  the  skin  ;  and  if  these 
substances  be  of  an  irritating  nature,  they  may  occasion  an 
inflammatory  action  in  the  absorbents,  which  may  produce 
hardening  and  swelling  of  their  glands*  Thns  when  poisoned 
wounds  in  the  hand  have  been  received,  as  in  opening  the  bodies 
of  men  or  animals  that  have  died  of  particular  diseases,  the 
effect  is  usually  manifested  at  first  by  heat  and  pain  in  the  arm, 
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aloBg  which  the  inflamed  absorbents  can  be  traced  as  hard  cords; 
and  the  glands  in  the  arm-pit  become  swelled  and  tender. 

220.  The  lympbatics  do  not  appear  destined  to  absorb  from 
the  surface  of  the  skin ;  this  function  being  performed  by  the 
blood-vessels,  which  are  distributed  abundantly  in  its  sub- 
stance ;  and  particularly  by  the  yeins.  It  is  a  fact  now  well 
established,  that,  when  the  amount  of  fluid  in  the  body  has 
been  greatly  reduced,  absorption  of  water  through  the  skin  may 
take  place  o  a  considerable  amount ;  and  this  even  when  the 
water  is  not  applied  to  it  in  the  form  of  liquid,  but  only  in  the 
state  of  vapour.  Tims  there  is  a  case  recorded  by  Dr.  Currie, 
of  a  patient  who  suffered  under  obstruction  of  the  gullet,  of  such 
a  kind  that  no  nutriment,  either  solid  or  fluid,  could  be  received 
into  the  stomach ;  and  who  was  supported  for  some  weeks  by 
immersion  of  his  body  in  milk  and  water,  and  by  the  introduc- 
tion of  food  into  the  lower  end  of  the  intestine.  During  this 
time,  his  weight  did  not  diminish;  and  it  was  calculated  by 
Dr.  C.  that  from  one  to  two  pints  of  fluid  must  have  been  daily 
absorbed  through  the  skin.  The  patient's  thirst,  which  had  been 
very  troublesome  previously  to  the  adoption  of  this  plan,  wa^ 
removed  by  the  bath,  in  which  he  experienced  the  most  refresh- 
ing sensations.  It  is  well  known  that  shipwrecked  sailors  and 
others,  who  are  suffering  from  thirst,  owing  to  the  want  of  fresh 
water,  find  it  greatly  alleviated,  or' altogether  relieved,  by  dipping 
their  clothes  into  the  sea,  and  putting  them  on  whilst  still  wet. 
Even  the  moisture  ordinarily  contained  in  the  atmosphere  may 
be  so  rapidly  absorbed,  as  sensibly  to  increase  the  weight  of  the 
body ;  and  it  would  seem  that  a  small  quantity  of  spirit,  or  of 
hot  fluid,  taken  into  the  stomach,  has  the  power  of  peculiarly 
exciting  this  absorbent  action.  Dr.  Watson  mentions,  in  his 
Chemical  Essays,  that  a  lad  at  Newmarket,  having  been  almost 
starved,  in  order  that  he  might  be  reduced  to  the  proper  weight 
for  riding  a  match,  was  found  to  have  increased  nearly  thirty 
ounces  within  an  hour,  though  he  had  only  drank  half  a  glass  of 
wine  in  the  interval.  A  parallel  instance  was  related  to  the 
anther  by  the  late  Sir  G.  Hill ;  in  which  the  increase  of  weight 
was  produced  by  drinking  a  single  cup  of  tea,  and  was  much 
greater  in  amount 
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221.  In  the  Invertebrated  animals,  neither  lacteals  nor  lym- 
phatics exist ;  and  the  blood-vessels,  whose  absorbent  powers  are 
so  much  restricted  in  the  higher  animals,  have  to  perform  the 
functions  of  these.  We  shall  hereafter  see  (§.  235),  that  the 
fluid  which  circulates  through  their  bodies  has  more  resemblance 
to  the  chyle  than  it  has  to  the  blood  of  Yertebrata;  being 
destitute  of  the  peculiar  red  particles  or  floating  ceUs  from  which 
the  latter  derives  its  colour,  and  not  having  the  power  of  coagu- 
lating firmly. 

Safiffuification. 

222.  The  chyle  of  Yertebrated  animals,  as  taken  up  by  the 
lacteals,  may  be  regarded  as  blood  in  an  early  stage  of  its  fonn- 
ation.      It  contains  about  90  parts  of  water  in  100  ;   about  3^ 
parts  of  albumen,  and  the  same  of  fatty  matter ;  and  aboat  3 
parts  of  other  animal  and  saline  matter.     Its  appearance  and 
characters  differ,  according  to  the  part  of  the  lacteal  system  from 
which  it  is  drawn.    If  obtained  near  the  surface  of  the  intestines, 
before  it  has  passed  through  the  glands,  it  is  entirely  destitute  of 
that  power  of  spontaneously  coagulating,  or  dottinpy  which  is  so 
remarkable  in  blood  :  and  when  examined  with  a  microscope,  it 
is  seen  to  present  a  number  of  oily  globules  of  various  sizes ; 
together  with  an  immense  number  of  very  minute  particles  or 
molecules,  which  also  seem  of  a  fatty  nature ;  and  to  these  last, 
whose  diameter  is  between  l-24,000th  and  l-36,000th  of  an  inch, 
the  milky  whiteness  which  characterises  chyle  seems  principally 
due.      But  the  chyle  drawn  from  the  lacteals,  after  they  have 
passed  through  the  mesenteric  glands,  possesses  the  power  of 
coagulating  slightly ;  hence  it  is  evident,  that  some  of  the  albn- 
men  has  undergone  a  transformation  into  fibrin  (§.  18).      At 
the  same  time,  a  great  increase  is  observed  in  the  number  of 
certain  floating  cells,  which  are  occasionally  to  be  noticed  in  the 
first  chyle,  but  which  are  very  abundant  in  the  fluid  drawn  from 
the  glands,  and  from  the  lacteals  that  have  passed  through  them  ; 
these  are  colourless,  and,  like  most  other  cells,  contain  smaller 
particles  within  them  ;  their  average  diameter  is  about  1 -4600th 
of  an  inch.      By  the  time  that  the  chyle  reaches  the  central 
receptacle,  its  power  of  coagulating  has  still  further  increased ; 
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60  that  its  resemblance  to  blood,  except  in  regard  to  colour,  is 
ronch  stronger.  The  proportion  of  fibrin  and  albumen  which  it 
contains,  is  much  greater  than  that  which  existed  in  the  first 
chyle,  whilst  the  amount  of  oily  matter  is  less ;  hence  it  seems 
probable  that  the  latter  has  been  partly  transformed  into  albumen. 

223.  There  can  be  little  doubt  that  the  change  which  the 
chyle  undergoes  in  its  passage  through  the  lacteals,  is  partly  due 
to  the  influence  of  the  living  walls  of  these  vessels,  upon  the  fluid 
in  contact  with  them  ;  and  it  is  also  probable  that  the  colourless 
cells  which  float  in  the  fluid,  have  a  special  power  of  converting 
the  albumen  into  fibrin.  Hence  we  see  the  necessity  for  the 
long  delay  of  the  chyle  in  this  system  of  vessels ;  which  is  pro- 
vided for,  in  the  higher  animals,  by  the  convolution  of  the 
lacteals  in  the  mesenteric  glands ;  and  in  the  lower,  by  the 
simple  extension  of  the  vessels  themselves.  It  is  probable  that, 
by  being  brought  into  very  close  neighbourhood  with  the  blood 
in  these  glands,  some  further  change  may  be  efl^ected ;  although, 
as  each  fluid  is  contained  in  its  own  tubes,  which  do  not  com- 
municate, there  can  be  no  proper  intermixture. 

224.  From  the  receptacle  iuto  which  the  chyle,  and  a  con- 
siderable proportion  of  the  contents  of  the  lymphatics,  are  de- 
livered, a  tube  passes  upwards  in  front  of  the  spine  (Fig.  Ill)  ; 
and  this  tube,  called  the  thoraeie  ducty  conveys  these  nutritious 
fluids  to  the  point  where  they  are  to  be  delivered  into  the  current 
of  blood.  This  delivery  takes  place  at  the  angle  where  two 
veins  unite, — a  point  at  which  there  is  less  resistance  than  in 
any  other  part  of  their  walls.  These  veins  are  the  jugular,  which 
brings  the  blood  from  the  neck,  and  the  subclavian,  which  con- 
veys it  from  the  arm,  of  the  right  side  (Fig.  115) ;  on  the  left  side 
there  is  a  smaller  duct,  which  receives  some  of  the  lymphatics  of 
the  left  side,  and  opens  into  the  blood-vessels  at  a  corresponding 
point  between  the  lefb  jugular  and  subclavian  veins. 

225.  But  there  are  animals  which  are  not  only  destitute  of 
lacteal  and  lymphatic  vessels,  but  even  of  blood-vessels ;  and  in 
these,  as  in  the  Cellular  plants  (Ybgbt.  Phts.  §.  102),  there  is 
but  little  transmission  of  fluid  from  one  part  of  the  body  to  the 
other ;  for  every  portion,  both  of  the  internal  surface  (or  lining 

N  2 
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of  the  stomach),  and  of  the  external  surface  which  is  hathed  in 
the  surrounding  fluid  (for  most  of  these  animals  are  aquatic), 
seems  equally  to  possess  the  power  of  absorption ;  and  the  parts 
to  whose  nourishment  the  fluid  thus  received  into  the  body  is  to 
be  appropriated,  are  in  the  immediate  neighbourhood  of  those 
which  have  absorbed  it.  This  is  the  case,  for  example,  in  the 
Hydra  and  Sea- Anemone ;  and,  more  or  less,  in  all  the  Polypes; 
as  well  as  in  the  inferior  Entozoa,  and  in  the  (so-called)  Polygas- 
tric  Animalcules.  Between  these,  therefore,  and  the  Cellular 
Plants,  a  remarkable  analogy  exists  in  regard  to  the  mode  in 
which  the  nutriment  is  absorbed  and  applied;  the  difference 
being,  that  the  Animal  possesses  a  digestive  cavity,  lined  by  an 
inward  extension  of  the  external  suiface,  which  does  not  exist 
in  Plants  (§.  11).  And  it  is  upon  the  walls  of  this  cavity,  that 
the  absorbent  vessels  of  Animals  (whether  lacteals  or  blood-ve8> 
sels)  are  distributed,  collecting  the  nourishment  in  contact  with 
them;  just  as  the  roots  of  a  Plant,  spread  through  the  soil,  draw 
np  that  which  it  contains.  Moreover  we  have  seen,  even  in 
PlantSi  an  occasional  approach  to  this  peculiarity  of  Animals ; 
the  pitcher  of  Ditehidiay  vnth  its  tuft  of  rootlets,  bearing  no 
inconsiderable  resemblance  to  a  digestive  cavity  or  stomach 
(Vbobt.  Phtb.,  §.  245).  There  is  a  further  analogy  between 
the  two  kingdoms,  in  the  manner  in  which  absorption  of  fluid 
takes  place  by  the  g«Mral  surface,  when  the  usual  supply  if 
deficient.     (Compare  §.  220,  and  Ybgbt.  Phys.  §.  271). 


CHAPTER  V. 

OP  THE  BLOODp  AND  ITS  CIRCULATION. 

226.  The  processes  that  have  been  already  explained,  have 
for  their  object  to  prepare  a  nutritions  fluid,  which  supplies  the 
materials  for  the  growth  of  the  several  parts  of  the  bodj,  and 
which  is  conveyed  through  them  by  the  apparatus  to  be  pre* 
sently  described.  In  Man  and  the  higher  animals,  this  fluid, 
which  is  known  as  the  Bloody  has  a  red  colour,  and  contains  a 
large  quantity  of  solid  matter.  The  redness  of  the  blood  has 
been  mentioned  as  a  distinctive  character  of  the  Vertebrated 
classes  (§.  68) ;  it  exists  in  Mammalia,  Birds,  Reptiles,  and 
Fishes,  and  in  these  alone.  In  the  Molluscous  classes,  as  in 
Insects,  Crustacea,  and  Zoophytes,  the  nutritious  fluid  is  nearly 
colourless ;  and  it  will  hereafter  appear  that  this  fluid  bears,  in 
some  respects,  a  stronger  resemblance  to  the  chyle  and  lymph  of 
Vertebrata,  than  to  their  blood  (§.  235).  There  is  an  apparent 
exception  in  the  case  of  certain  marine  Worms,  whose  circu- 
lating fluid  has  a  reddish  hue ;  this  does  not  depend,  however, 
upon  the  presence  of  any  of  the  red  particles^  which  are  charac^ 
teristic  of  the  blood  of  Vertebrata  (§.  229)  ;  but  upon  a  reddish 
tbge  in  the  fluid  itself. 

227.  The  blood  exists,  however,  in  two  different  states  in  every 
animal.  When  it  is  drawn  from  a  slight  scratch  or  other  wound 
of  the  skin,  it  is  of  a  bright  red  hue ;  whilst  that  which  is  drawn 
in  bleeding  from  the  arm,  is  of  a  dark  purple.  The  former  is 
termed  arterial  blood,  because  it  is,  for  the  most  part,  contained 
in  the  tubes  which  are  called  arteries,  and  which  are  conveying 
it  from  the  heart  to  the  tissues  it  has  to  nourish.  The  latter  is 
called  venout  blood,  because  it  is  drawn  from  the  veins,  by  which 
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it  is  returned  firoin  the  tissues  to  the  heart,  after  haying  per- 
formed its  part  in  them.  Hence  it  is  evident  that  this  change 
of  character  has  heen  produced,  during  the  passage  of  the  hlood 
through  the  tissues ;  and  so  important  is  the  alteration,  that  the 
blood  which  has  been  subjected  to  it  is  not  fit  to  pass  again  into 
the  arteries  of  the  body,  until  it  has  been  renewed  by  exposure 
to  air  in  the  lungs.  In  their  vessels,  the  contrary  change — of 
which  the  nature  will  be  presently  explained  (§.  253) — is  effected; 
and  the  dark  hue  of  venous  blood  gives  place  to  the  bright  red 
of  the  arterial  fluid,  which  is  again  changed  during  the  passage 
of  the  blood  throngh  the  body,  to  be  again  restored  in  the 
lungs. 

228.  Hence  the  continnal  movement  of  the  blood  is  necessaiy 
for  two  purposes  in  particular  \—Jir»t^  to  convey  the  nutritiye 
materials  from  the  place  where  they  are  received  and  prepared, 
to  that  where  they  are  appropriated,  and  thus  to  afford  to  every 
organ  a  constant  supply  of  the  materials  which  it  requires ; — 
and,  iecondj  to  carry  this  fluid,  at  regular  intervals,  to  a  certain 
part  of  the  body,  where  it  may  be  exposed  to  the  influence  of  the 
air,  so  as  to  regain  the  qualities  it  has  lost,  and  part  with  what 
it  has  taken  np  to  its  prejudice.  But  there  are  many  other 
objects  fulfilled  by  it,  which  will  unfold  themseiveB  as  we 
proceed. 

Proper  He$  of  the  Blood, 

229.  When  the  circulating  blood  of  a  red-blooded  animal  is 
examined  with  a  microscope,  it  is  seen  to  consist  of  two  distinct 
parts ; — a  clear  and  nearly  colourless  fluid,  to  which  the  name 
of  liquor  sanguinie  (or  liquor  of  the  blood)  is  given ;— and  of  an 
immense  number  of  rounded  particles  floating  in  this  fluid,  which 
are  commonly  termed  the  globules  of  the  blood.  The  shape  and 
size  of  these  particles  are,  for  the  most  part,  very  uniform  in 
animals  of  the  same  species;  but  in  no  instance  are  they 
globular ;  and  it  would  be  much  better,  therefore,  to  call  them 
by  some  other  name.  In  Man  and  most  other  Mammall&9 
they  are  nearly  flat  diece^  resembling  pieces  of  money,  but 
usually  exhibiting  a  slight  depression  towards  the  centre.    No 
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very  distinct  central  spot  can  be  perceived  in  them,  except 
that  which  results  from  the  depression ;  and  this  may  be  made 
to  disappear,  by  adding  water  to  the  liquid  in  which  they  are 
suspended ;  for  the  discs  will  first  become  flat»  and  will  then 
bulge  out  on  either  side,  at  last  swelling  so  as  to  burst.  The 
Ksaon  of  ihis  will  be  presently  explained.  In  Man  and  the 
Hamm AUA  in  general,  the  diameter  of  these  blood-discs  Taries 
from  about  l-2800th  to  l-4000th  of  an  inch ;  but  ^gg. 
in  the  small  Musk-deer,  it  is  less  than  1-1 2,000th.  ^^ 
In  the  Camel  tribe,  the  discs  are  oval,  as  in  the  lower  II 

Vertebrata.  p,o.  na. 

230.  In  Birds,  Reptiles,  and  Fishes,  the  blood-  buwd-oiso 
particles  present  some  curious  differences  from  those  °* 
of  Mammalia.  In  the  first  place,  they  are  much  larger ;  their 
form,  also,  is  oval  instead  of  being  round  ;  and  instead  of  being 
depressed  in  the  centre,  they  bulge  out  on  each  side.  This  bulg- 
ing is  evidently  occasioned  by  the  presence  of  a  nudem  or  ker- 
nel, which  is  more  solid  than  the  rest.  The  long  diameter  of  the 
^  ^    oval  disc  of  Birds  varies  from  about  l-1700th 

to  l-2400th  of  an  inch ;  and  the  short  dia- 
meter from  about  l-3000th  to  1.4800th.  Thus 
the  discs,  though  much  longer  than  those  of 
Man,  are  not  in  general  much  broader.     In 
Reptiles,  there  is  considerable  diversity  as 
to  the  size  of  the  discs ;  but  the  largest  par- 
^Xjy^^ji^       tides  are  found  in  the  group  of  AmphiUck^  and 
•^\^  \\3)         especially  in  those  species  which  retain  their 
^  gilb  through  life.     The  oval  discs  of  Frog$ 

otal  ''"^"*  ***^®  *  ^^^^  diameter  of  about  1 -1000th  of 

raoM  Fowl;  b,  from  9Xi  inch  ;  and  a  transverse  diameter  of  about 
Fioe;c^r>oMSKAT«.  MgOOth.     Thoso  of  the  Froteus  and  Siren 

(animals  formed  upon  the  same  plan  as  the  Axolotl,  §.  97) 
can  even  be  distinguished  by  the  naked  eye  :  those  of  the  Siren 
have  a  long  diameter  of  about  l-435th  of  an  inch;  and  in 
the  Proteus  the  long  diameter  is  stated  occasionally  to  reach 
l-337th  of  an  inch.  In  Fishes,  also,  the  size  of  the  blood- 
particles  is  variable ;  they  are  commonly,  however,  rather  larger 
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than  those  of  the  Frog ;  but  do  not  nearly  approach  those  of  the 
last-named  remarkable  animals. 

231.  It  is  by  observing  the  large  blood-discs  of  the  Frog, 
and  still  better  those  of  the  Proteus  and  Siren,  that  we  can 
obtain  the  best  information  as  to  their  stmctare.  They  are 
eyidently  Jiattened  celli^  having  an  envelope  or  cell-wall,  which 
consists  of  an  extremely  delicate  membrane,  and  which  contains 
a  fluid.  The  nueleiu  consists  of  an  assemblage  of  minute  gra- 
nules, which  seem  adherent  to  each  other,  and  to  the  wall  of  the 
cell ;  and  it  corresponds,  in  all  essential  particulars,  to  the 
nucleus  of  the  Vegetable  cell  (See  Vbget.  Phys.  §.  355),  as  well 
as  to  that  of  the  cells  in  which  the  Animal  tissues  have  th^ 
origin  (Chap.  vii.).  The  fluid  contained  in  the  cells  has  a  red 
colour ;  and  it  is  to  this  that  the  peculiar  hue  of  the  blood  of 
Vertebrata  is  owing.  When  we  are  looking  at  a  single  layer  of 
blood-discs,  their  red  colour  is  not  apparent,  but  they  have  rather 
a  yellowish  tint ;  and  it  is  only  when  we  look  through  a  number 
at  once,  that  the  characteristic  hue  is  seen.  Where  the  blood 
of  Invertebrated  animals  has  any  characteristic  tint,  it  is  not 
due  to  that  of  the  particles  it  contains,  but  to  the  liquor  ion^fumii 
itself. 

232.  The  fluid  contained  in  the  blood-discs  has  dissolved  in 
it  a  considerable  quantity  of  iron ;  and  the  purpose  of  this 
appears  to  have  a  very  important  connection  with  the  introduc- 
tion of  oxygen  into  the  body.  The  fluid  is  of  about  the  same  den- 
sity as  that  in  which  the  particles  float ;  and  thus  neither  will 
have  a  tendency  to  pass  towards  the  other.  But,  if  we  dilate 
the  liquor  9anffuini»  vnth  water,  the  fluid  outside  the  cells  will 
have  a  tendency  to  pass  towards  their  interior,  according  to  the 
law  of  Endosmose  (See  Yeobt.  Phts.  §.117).  The  cells  will  in 
consequence  be  first  distended,  and  will  then  burst ;  and  their 
contents  will  be  diffused  through  the  surrounding  fluid,  whilst 
their  membranous  walls  will  subside  to  the  bottom.  On  the 
other  hand,  if  the  liquor  sanguinis  be  rendered  denser  than  the 
fluid  in  the  blood-discs,  as  by  the  admixture  of  gum  or  syrup, 
the  latter  will  pass  towards  it,  and  the  cells  will  become  still 
more  flattened,  and  more  or  less  completely  emptied.     Altera- 
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tioDS  in  the  state  of  the  blood-discs  appear  to  take  place  in 
Tarions  diseases,  in  consequence  of  variations  in  tbe  density  of 
the  liquor  sanguinis ;  and  these  may  become  tbe  causes  of  other 
important  changes  in  the  condition  of  the  body.  The  flexibility 
and  elasticity  of  the  blood-discs  are  well  seen,  in  watching  (with 
a  microscope)  its  flow  through  the  minute  vessels ;  for  if  one  of 
them  meets  with  an  accidental  obstruction  to  its  progress,  its 
form  becomes  accommodated  to  that  of  the  space  left  for  it  to 
pass,  and  it  makes  its  way  through  a  very  small  aperture,  reco- 
vering its  usual  form  immediately  afterwards. 

233.  The  proportion  of  blood-particles  to  the  whole  mass  of 
the  blood,  varies  greatly  in  difierent  animals,  and  even  in  dif- 
ferent states  of  the  same  animal.  It  is  greatest  in  those,  which 
have  the  highest  muscular  vigour  and  activity  ;  and  which  con- 
sume the  largest  quantity  of  oxygen  by  respiration ;  hence  these 
particles  are  rather  more  numerous  in  the  blood  of  Birds  than  in 
that  of  Mammalia ;  and  far  more  abundant  in  these  last,  than  in 
Reptiles  or  Fishes.  Again,  they  are  more  numerous  in  Men 
of  mddy  complexion,  strong  pulse,  and  active  habits,  than  in 
those  of  pale  skins,  languid  circulation,  and  comparatively 
feeble  powers.  Their  average  proportion  in  Man  may  be  stated 
at  127  parts  in  1000  of  blood;  but  the  decrease  which  occa- 
sionally presents  itself  in  disease,  is  much  more  marked  than  the 
increase, — ^the  proportion  being  sometimes  as  low  as  27*  When 
too  abundant,  they  produce  what  is  known  as  the  plethoric  con- 
dition of  the  body  ;  in  which  hcemorrhage,  from  the  bursting  of 
a  blood-vessel,  is  liable  to  occur.  Their  number  is  efiectually 
reduced  by  bleeding ;  and  the  aspect  of  those  who  have  suffered 
from  extreme  loss  of  blood,  gives  sufficient  evidence  that  the 
deficiency  is  not  made  up  for  a  long  period.  The  most  effectual 
assistance  that  can  be  given,  in  cases  where  the  proportion  of 
blood- particles  is  too  low,  is  the  administration  of  iron  as  a 
medicine ;  for  this  seems  to  have  the  power  of  hastening  the 
re-production  of  the  particles,  being  itself  an  essential  ingredient 
of  the  fluid  they  contain ;  and  there  are  facts  which  show  its 
remarkable  power  of  increasing  their  amount,  in  proportion  to 
the  mass  of  the  blood.     It  appears  that  the  blood-particles,  like 
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other  cells,  have  a  certain  allotted  term  of  life ; — that  they  are 
continually  dying,  but  as  continually  reproducing  themselves ; — 
and  that  thus  the  requisite  proportion  is  kept  up.  But  if  a 
large  number  have  been  withdrawn,  their  replacement  must  be 
a  gradual  process. 

234.  Physiologists  are  now  generally  agreed,  that  the  func- 
tion of  the  red  purticles  is  to  convey  oxygen  from  the  lungs,  to 
the  tissues  and  organs  through  which  the  blood  circulates ;  and 
to  bring  back  the  carbonic  add  which  is  set  free  in  these,  so  as 
to  deliver  it  at  the  lungs.  It  appears  probable  that  the  iron  they 
contain  is  in  the  state  of  protoxide  (that  is,  combined  with  a 
single  proportional  of  oxygen) ;  which  will  readily  unite,  either  ' 
with  another  proportional  of  oxygen  (so  as  to  become  i\ieperoxide\ 
or  with  a  proportional  of  carbonic  acid,  forming  the  carbonats. 
In  the  lungs,  the  blood- discs  take  in  an  additional  quantity  of 
oxygen,  which  they  carry  into  the  minute  vessels,  b^  which  the 
blood  is  distributed  to  the  body  at  large.  The  blood  is  there 
subservient  to  certain  changes  in  the  tissues;  it  affords  them 
the  nourishment  they  require,  and  receives  from  them  the 
products  of  the  continual  decay  which  is  taking  place  in  them. 
In  the  course  of  these  changes,  the  blood  gives  up  its  oxygen,  and 
receives  carbonic  acid ;  its  iron  being  probably  converted  from 
the  condition  of  peroxide  into  that  of  carbonate,  in  which  state  it 
returns  to  the  lungs.  When  exposed,  in  these  organs,  to  the  . 
influence  of  the  air,  it  gives  off  its  carbonic  acid,  and  receives  i^  .^ 
fresh  supply  of  oxygen ;  this  is  again  conveyed  to  every  part  of 
the  body,  and  again  replaced  by  carbonic  acid,  which  is  brought 
back  to  be  thrown  off  at  the  lungs.  Now  it  is  in  the  tnuMcular 
system  that  there  is  the  greatest  demand  for  oxygen ;  for  it  is 
not  capable  of  vigorous  action,  unless  this  be  supplied  to  it.  The 
quantity  it  requires,  however,  depends  upon  the  exercise  of  its 
powers ;  for  when  at  rest,  it  wants  little  or  no  more  than  that 
which  is  made  use  of  by  the  other  tissues ;  but  when  in  activity, 
it  needs  a  greatly-increased  supply.  The  quantity  of  oxygen 
which  the  animal  takes  in  by  its  lungs,  and  the  amount  of  car- 
bonic acid  which  it  gives  off  by  the  same  channel,  vary,  therefore, 
with  the  muscular  exertion  it  makes.     This  variation  is  most 
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easily  obeerved  and  measured  in  Insects ;  and  it  is  found  in  them 
to  be  enormous. 

235.  But,  it  may  be  objected,  the  blood  of  the  Invertebrata 
does  not  contain  these  red  particles,  to  which  so  important  a 
function  has  been  assigned ;  and  how  is  the  conveyance  of 
oxygen  to  their  tissues  provided  for  ?  The  reply  ia  very  simple. 
In  IntectSy  and  other  Articulata  which  have  active  powers  of 
motion,  the  air  is  conveyed  to  the  tissues,  not  through  the  medium 
of  the  blood,  but  directly  through  air-tubes  which  convey  it  to 
every  part  of  the  body  (§.  320).  And  in  the  Molluscous 
classes,  as  among  the  Crustacea  also,  the  muscular  system  forms 
80  small  a  part  of  the  general  mass  of  the  body,  and  its  move- 
ments are  so  sluggish,  that  the  quantity  of  oxygen  which  the  fluid 
part  of  the  blood  conveys  to  them,  is  sufficient  for  their  need. — 
Besides  the  red  particles  of  the  blood,  there  are  others  which 
poasesB  no  colour,  and  which  seem  to  have  a  function  altogether 
different.  Tlieir  size  is  pretty  much  the  same  in  all  Yertebrata, 
being  usually  about  l-3000th  of  an  inch  in  diameter.  In  the 
blood  of  Man  and  the  Mammalia  in  general,  they  are  not  easily 
distinguished  from  the  red  particles ;  since  their  size  is  so  nearly 
the  same ;  and  the  colour  of  single  discs  of  the  two  kinds  is  not 
very  dissimilar.  But  with  a  good  microscope,  several  differences 
can  be  seen ;  and  there  is  much  reason  to  believe,  that  these 
colourless  particles  are  the  same  with  the  particles  of  the  chyle 

d  Ijrmph  (§.  222).  In  the  lower  Yertebrata,  whose  blood  has 
large  oval  red  particles,  the  difference  between  the  two  kinds  is 
very  obvious ;  and  the  resemblance  which  the  colourless  globules 
bear  to  those  of  the  chyle  and  lymph  is  very  striking.  Similar 
colourless  particles  exist,  to  a  variable  amount,  in  the  nutritive 
fluid  of  Invertebrated  animals ;  so  that  in  this,  as  in  some  other 
respects,  that  fluid  bears  a  stronger  resemblance  to  the  chyle  and 
lymph  of  the  Yertebrata,  than  it  does  to  their  blood,  which  is 
cbmracterised  by  the  presence  of  the  red  particles. 

236.  Of  the  properties  of  the  liquor  sanguinis^  whilst  it  is 
circulating  in  the  vessels,  the  microscope  tells  us  nothing  ;  since 
it  constantly  remains  in  the  state  of  a  transparent  fluid.  But 
when  the   blood  is  withdrawn  from  the  living  body,  it  soon 
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undergoes  a  very  curious  and  important  change.  A  large  por- 
tion of  it  passes  into  the  solid  state,  forming  the  crassamentum 
or  clot ;  whilst  there  remains  a  transparent  liquid  of  a  yellowish 
hue,  which  is  termed  the  serum.  It  is  evident  that  the  clot 
contains  all  the  red  particles ;  hut  it  is  also  certain  that  this 
eooffulation  is  not  due  to  them;  since  the  red  particles,  when 
separated  from  the  rest  of  the  hlood,  have  no  tendency  whatever 
to  adhere  in  this  manner.  Whfu  a  very  thin  slice  of  the  clot  is 
examined  with  a  microscope,  it  Is  found  to  he  made  up  of  a  net- 
work of  fihr«9^  interlacing  in  every  direction,  and  including  the 
blood-discs  in  its  meshes.  These  fibres  are  produced  by  the 
spontaneous  change  of  the  fibrin  of  the  blood,  from  the  fluid  to 
the  solid  form.  So  long  as  the  blood  is  circulating  in  the  vessels 
of  the  living  body,  so  long  does  its  fibrin  remain  dissolved  in  the 
watery  part  of  it;  but  so  soon  as  it  is  withdrawn  from  these, 
and  is  allowed  to  remain  at  rest,  it  undergoes  this  remarkable 
change.  If  fresh-drawn  blood  be  continually  stirred  with  a  stick 
or  beaten  vnth  twigs,  the  fibrin  coagulates  in  irregular  strings, 
which  adhere  to  the  stick  or  twigs ;  and  it  does  not  then  include 
the  red  particles,  which  are  left  behind  in  the  fluid.  In  this 
manner  it  may  be  completely  separated  from  the  other  elements 
of  the  blood,  which  have  not  in  themselves  the  least  tendency  to 
coagulate  spontaneously. 

237.  In  certain  conditions  of  the  blood  (generally  resulting 
from  disease),  even  when  the  coagulation  is  allowed  to  take  plaoe  ■ 
in  the  ordinary  manner,  the  fibrin  and  the  red  particles  separate 
from  one  another, — the  latter  sinking  to  the  bottom,  and  the 
former  being  left  at  the  surface ;  and  the  upper  part  of  the  dot 
is  then  nearly  colourless,  exhibiting  what  is  commonly  known  as 
the  huffy  cocU  or  crust ;  whilst  the  lower  part  of  it  includes  the 
red  particles,  and  has  a  very  deep  colour.  The  bufiy  coat,  being 
composed  almost  exclusively  of  the  fibrous  network,  is  very  firm 
in  its  texture,  being  sometimes  almost  leathery  in  its  character ; 
whilst  the  lower  part  of  the  clot,  which  is  chiefly  composed  of 
the  red  particles,  loosely  bound  together  by  scattered  fibres,  is 
very  soft,  and  easily  broken  asunder.  This  effect  may  be  also 
produced,  by  acting  on  healthy  blood  with  certain  substances 
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which  retard  its  coagulation,  such  as  a  strong  solution  of  Glauher's 
salt ;  for  if  sufficient  time  is  allowed,  the  red  particles  will  subside 
in  consequence  of  their  greater  specific  gravity,  leaving  a  colour- 
less layer  of  fibrin  above  them. 

238.  There  is  another  experiment  which  fully  proves  that  the 
copulation  is  due  to  the  fibrin  alone,  and  that  the  red  particles 
are  not  concerned  in  it.  The  blood  of  a  Frog,  or  any  animal 
having  blood-discs  sufficiently  large,  may  be  caused  to  pass  through 
filtering-paper,  which  will  retain  and  collect  its  blood-discs,  al- 
lowing the  Hqtiar  sanffuinu  to  flow  through  it ;  and  this  fluid  will 
coagulate  just  as  completely,  as  if  these  particles  were  retained  in 
it.  It  is  this  liquor  sanguinis^  or  blood  deprived  of  its  red  parti- 
cles, which  is  poured  out  by  the  vessels,  for  the  closing  of  wounds, 
and  for  the  formation  of  new  tissue.  To  the  surgeon  it  is  known 
under  the  name  of  ooagtdabh  lymph  ;  and  the  uses  of  this  sub- 
stance in  the  repair  of  injuries  has  long  been  known.  A  general 
account  of  the  process  will  be  given  hereafter  (Chap.  viii.). 

239.  We  do  not  see  the  coagulation  of  the  fibrin  of  the  blood 
taking  place  whilst  it  is  circulating  in  the  vessels ;  and  it  is  ob- 
vious that  it  could  not  occur  without  blocking  them  up,  and 
preventing  the  flow  of  fluid  through  them.  But  there  is  good 
reason  to  believe,  that  the  fibrin  is  being  continually  withdrawn 
from  the  blood  by  the  solid  parts  through  which  it  flows,  and  is 
converted  by  them  into  a  regularly  organised  tissue  like  their 
own.  The  fibrous  network  which  results  from  its  spontaneotu 
coagulation,  is  probably  the  lowest  form  of  organisation ;  but 
there  are  several  parts  of  the  animal  body  which  seem  to  have 
had  their  origin  in  this  (Chap.  i.).  The  most  important  tissues 
are  developed,  however,  from  eelU^  analogous  to  those  of  Plants 
(see  Yegkt.  Phys.  §.  71)  ;  &nd  it  appears  to  be  in  supplying  the 
matmals  for  their  growth  and  reproduction,  that  the  fibrin  is 
chiefly  required.  There  are  few,  if  any,  parts  of  the  body  which 
do  not  take  their  origin  in  this  substance ;  and  hence  it  has  been 
not  unaptly  termed  liquid  flesh. 

240.  When  the  fibrin  and  the  red  particles  have  both  been 
separated  from  the  blood,  there  remains  a  fluid  in  which  a 
good  deal  of  animal  matter  is  dissolved,  together  with  several 
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saline  compounds.  This  animal  matter  may  be  detected  by 
heaiy  which  causes  the  liquid  to  coagulate  or  Ht;  but  the  clot 
has  nothing  in  common  with  that  formed  by  the  spontaoeous 
coagulation  of  the  fibrin;  for  it  seems  composed  of  a  mere 
assemblage  of  granular  particles,  crowded  together  without  any 
definite  arrangement.  It  is,  in  fact,  composed  of  albumen^  whose 
characteristic  property  it  is  (as  already  stated,  §.  17)  to  coagu- 
late by  heat,— of  which  we  have  a  familiar  example  in  the  hard- 
ening of  the  egg  by  boiling.  Besides  this  albumen,  the  serum 
includes  fatty  matter,  and  other  substances  which  have  their 
several  purposes  in  the  animal  economy;  as  well  as  saline  matter, 
of  which  a  considerable  proportion  is  muriate  of  soda,  or  common 
salt.  The  proportion  which  the  solid  matter  of  the  serum  bears 
to  the  whole  mass  of  blood,  in  health,  is  about  80  parts  in  1000 ; 
and  of  these  about  66  parts  are  albumen,  and  10  parts  saline 
matter. 

241.  There  is  no  reason  to  think  that  albumen,  as  long  as  it 
remains  in  that  state,  is  employed  as  the  material  for  the  forma- 
tion of  the  animal  tissues.  But  it  is,  as  we  have  seen,  the  first 
nutritive  ingredient  which  is  formed  by  the  process  of  digestion ; 
and  it  may  be  regarded  as  the  raw  material  out  of  which,  by  a 
process  consisting  of  several  stages,  the  animal  tissues  are  manu- 
factured. Of  these  stages,  its  conversion  into  fibrin  is  the  first ; 
and  there  seems  good  reason  to  believe  that  this  conversion  is 
effected,  by  the  agency  of  those  floating  cells  which  are  found  in 
the  chyle,  and  of  the  colourless  particles  of  the  blood  which  seem 
identical  with  these.  For  in  various  peculiar  conditions  of  the 
body,  the  quantity  of  fibrin,  which  usually  amounts  to  no  more 
than  about  3  parts  in  1000,  undergoes  a  great  increase ;  and  it 
is  then  found  that  the  number  of  these  cells  in  the  blood  has 
been  augmented  in  a  corresponding  degree.*  Thus  the  fibrin 
may  be  regarded  as  a  transition-stage  between  albumen  and 
organised  tissue ;  just  as,  to  use  a  homely  comparison,  the  spun- 
yam  is  the  intermediate  stage  between  the  raw  cotton  and  the 
woven  calico. 

•  See  the  Author's  Report  on   the  Physiology  of  Cells,  io  the  British  and 
Foreign  Mediod  Review,  January,  1843. 
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242.  The  influence  of  the  blood  upon  the  nutritive  functions 
18  easily  proved.  If,  by  mechanical  means,  as  by  tying  the 
principal  blood-vessel,  we  cause  a  permanent  diminution,  to  any 
considerable  extent,  in  the  quantity  of  blood  with  which  any 
organ  is  supplied,  a  decrease  in  its  size  is  soon  apparent,  and  it 
may  even  shrink  almost  to  nothing.  On  the  other  hand,  we 
observe  that,  the  more  active  the  function  of  a  part,  the  larger  is 
the  quantity  of  blood  with  which  it  is  supplied,  and  its  own 
bulk  undergoes  an  increase.  The  effect  of  the  continual  exercise 
of  any  muscular  part,  in  augmenting  its  bulk,  is  well  known  ; 
thus  among  dancers,  the  muscles  of  the  leg,  and  especially  those 
of  the  calf,  acquire  a  great  size ;  whilst  among  watermen,  black- 
smiths, coachmen,  and  others,  who  make  great  use  of  the  muscles 
of  their  arms,  these  become  much  increased.  This  change  in  the 
quantity  of  blood  sent  to  particular  organs,  is  still  more  remark- 
able in  the  case  of  those  which  undergo  a  periodical  or  an  occa- 
sional development.  Thus,  when  the  antlers  of  the  Stag,  which 
£ftll  off  every  year,  are  being  renewed,  the  arteries  that  supply 
the  parts  of  the  skull  from  which  they  spring,  are  greatly  in- 
creased in  size ;  but  they  shrink  again,  as  soon  as  the  growth  of 
the  horns  is  completed  for  that  year.  A  similar  increase  takes 
place  in  animals  that  suckle  their  young,  in  the  size  of  the 
arteries  that  supply  the  mammary  glands,  by  which  the  milk 
18  formed ;  and  these  also  shrink,  when  this  liquid  is  no  longer 
required. 

243.  For  the  purposes  of  nutrition  and  secretion  merely,  the 
liquor  sanguinis  appears  to  be  alone  required  in  the  higher 
animals,  as  in  the  lower ;  but  the  organs  thus  formed  eannot 
be  aroused  to  activity,  unless  they  are  supplied  with  oxygen, 
conveyed  to  them  by  the  red  particles.  When  an  animal  is 
bled  largely,  it  is  gradually  weakened  as  the  flow  proceeds, 
and  at  last  it  seems  to  lose  all  consciousness  and  power  of 
movement.  If  allowed  to  remain  in  this  condition,  it  seldom 
or  never  recovers  of  itself.  But  if  we  inject  into  its  veins, 
by  small  quantities  at  a  time,  blood  similar  to  that  which  it 
has  lost,  the  apparent  corpse  becomes  as  it  were  reanimated, 
and  all  its  functions   are  completely  re-established.     The  im-^ 
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portance  of  the  red  particles  is  manifestly  seen  in  the  effect 
of  this  remarkable  operation,  which  is  called  the  tran^ution 
of  blood ;  for  if  instead  of  blood,  fineshly  obtained  from  ano- 
ther living  animal,  we  inject  serum  without  these  particles,  the 
effect  is  no  greater  than  if  so  much  water  were  introduced, 
and  the  animal  dies  of  the  haemorrhage.  By  this  operation, 
practised  on  the  Human  subject,  many  valuable  lives  have  been 
saved,  that  would  otherwise  have  been  destroyed  by  loss  of 
blood. 

Cireulatian  ofihs  Bbod. 

244.  In  some  of  the  lower  tribes  of  Animals^  the  blood 
appears  to  circulate  in  channels,  which  are  merely  excavated  in 
the  substance  of  their  tissues  and  organs.  But  among  all  the 
Vertebrata,  and  even  in  most  of  the  Invertebrated  classes,  the 
movement  of  the  blood  takes  place  in  a  very  complicated  ap* 
paratus ;  which  is  composed,  Ist,  of  a  system  of  tubes  or  canals, 
which  serve  to  convey  it  through  every  part  of  the  structure ; 
and,  2nd,  of  a  special  organ,  for  the  purpose  of  giving  motion  to 
that  liquid.  These  canals  are  known  as  the  hlood-te9$€i$ !  and 
this  special  organ  is  the  heart, 

245.  The  heart  is  the  centre  of  the  circulating  apparatus.  It 
is  a  kind  of  fleshy  bag,  communicating  with  the  blood-vessels : 
and  it  alternately  dilates  to  receive  the  blood,  which  is  conveyed 
to  it  by  one  set  of  these ;  and  then,  by  contracting,  forces  it  out 
into  another  set  of  tubes.  In  this  manner  a  continual  current 
is  kept  up.  Almost  all  animals  have  a  heart,  or  something 
which  represents  it.  Such  an  organ  exists,  not  merely  among  all 
the  Yertebrated  classes,  but  in  all  the  Mollusca,  and  in  the  higher 
Artioulata.  But,  as  will  presently  appear,  there  is  a  great  diver- 
sity in  its  form,  and  in  the  complexity  of  its  construction ;  for 
whilst,  in  its  simplest  condition,  it  possesses  but  one  cavity,  com- 
municating with  both  sets  of  vessels, — it  contains,  in  its  highest 
forms,  four  different  chambers,  each  of  which  has  its  own  pecu- 
liar function. 

246.  The  two  sets  of  blood-vessels  just  adverted  to  are,  Ist^ 
the  arteriety  which  convey  the  blood  from  the  heart  into  tli© 
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several  parts  and  organs  of  the  body ;  and,  2nd,  the  veins^  which 
collect  the  blood  that  has  been  distributed  through  these,  and 
return  it  to  the  heart.  The  Arterial  system,  as  it  issues  from 
the  heart,  consists  of  one  or  more  large  trunks,  which  divide 
into  branches,  very  much  in  the  manner  of  the  9tem  of  a  tree ; 
these  branches  again  subdivide  into  others  more  numerous  but 
smaller,  and  these  again  into  twigs  still  more  numerous  and  more 
minute  ;  until  almost  every  portion  of  the  body  is  so  penetrated 
with  them,  that  not  even  a  trifling  scratch,  cut,  or  prick,  can  be 
made,  without  wounding  some  one  of  these  small  divisions. — The 
Venous  system  presents  a  corresponding  distribution,  but  it  is 
destined  for  an  opposite  purpose ;  and  we  must  regard  it  as  com- 
mencing  in  the  tissues,  by  the  minute  canals,  which  run  together 
like  the  little  rivulets  that  form  the  origin  of  a  mighty  river,  or 
like  the  smallest  fibres  of  which  the  roots  of  a  tree  are  made  up. 
These  larger  canals  gradually  unite  with  each  other  as  they  ap« 
proach  the  heart,  towards  which  they  all  tend ;  just  as  the  various 
tributary  streams  pour  their  contents  into  one  principal  channel : 
and  at  last  all  the  veins  empty  into  the  heart,  by  one  or  two 
large  trunks,  the  blood  which  they  have  conveyed  from  the 
several  parts  of  the  body ;  just  as  all  the  tributaries,  which  have 
arisen  over  a  wide  extent  of  country,  pour  into  the  ocean  the 
water  they  have  collected,  by  one  mouth  which  is  thus  common 
to  all  of  them. 

247.  Although  the  number  of  the  Arterial  branches  increases 
so  vastly,  as  we  proceed  from  their  origin  towards  their  termi- 
nation, yet  their  eapaeity  does  not,  at  least  in  any  considerable 
degree ; — ^that  is,  the  first  or  main  trunk  will  allow  as  much 
fluid  to  pass  through  it  in  a  certain  time,  as  will  the  whole  of 
the  first  set  of  branches  into  which  it  divides,  or  the  still  more 
numerous  subordinate  branches,  into  which  these  diverge.  Or, 
to  put  this  fact  in  another  form,  if  we  cut  across  the  main  trunk, 
and  compare  the  area^  or  space  included  within  its  circular  walls, 
with  the  sum  of  the  areas  of  all  the  branches  it  supplies  at  a 
certain  distance— say  a  foot — from  the  heart,  we  shall  find  them 
precisely  equal ;  and  the  same  will  hold  good,  if  the  comparison 
is  made  with  the  sum  of  the  areas  of  the  more  numerous  but 
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smaller  branches  at  a  greater  distance  from  the  main  tmnk.  It 
is  quite  true  that,  when  an  artery  divides  into  branches,  the 
combined  size  of  these  seerm  to  be  greater  than  that  of  the  trunk ; 
but  this  is  only  because  the  comparison  is  made,  not  between  the 
arecu  of  their  circles,  but  their  diametert*  Thus,  an  artery  of 
lOy^^  lines  in  diameter,  may  divide  into  three  branches,  tzno  of 
them  having  a  diameter  of  7  lines,  and  the  third  a  diameter  of  2 
lines ; — and  yet  these  will  convey  no  more  blood  than  the  single 
trunk.  For,  according  to  a  simple  rule  in  geometry,  the  areas  o{ 
circles  are  to  each  other  as  the  squares  of  their  diameters.  The 
area  of  the  trunk  is  expressed,  therefore,  by  the  square  of  lOi^^-, 
which  is  almost  exactly  102.  The  areas  of  the  two  large 
branches,  in  like  manner,  are  expressed  by  the  number  49,  which 
is  the  square  of  7 ;  and  that  of  the  smaller  one  by  4,  the  square 
of  2  ;  and  the  sum  of  these  (49-|-49-f-4)  is  exactly  102,  making 
the  combined  areas  of  the  branches  the  same  as  that  of  the  trunk. 
In  like  manner,  one  of  the  branches  of  7  lines  diameter  might 
subdivide  into  two  branches  of  a  little  less  than  5  lines  each ; 
for,  as  the  square  of  5  is  25,  and  twice  that  number  is  equal  to 
50,  the  combined  areas  of  two  branches  of  5  lines  each,  exceed 
by  very  little  the  area  of  the  trunk  of  7  lines. — Hence  it  resalts, 
that  the  pressure  of  the  blbod  upon  the  walls  of  the  arteries  will 
be  everywhere  the  same ; — a  conclusion  which  is  confirmed  by 
experiment.  This  will  be  easily  understood,  by  referring  to  the 
Treatise  on  Hydrostatics. 

248.  There  are  certain  differences  in  the  structure  and  dis- 
tribution of  the  Arteries  and  Veins,  which  it  is  desirable  to  men- 
tion. The  Arteries  receive  the  blood  pressed  out  from  the  heart, 
and  must  be  strong  enough  to  resist  the  force  of  its  contraction ; 
otherwise,  as  there  is  a  considerable  impediment  to  its  onward 
flow,  produced  by  the  minuteness  of  the  tubes  through  which  it 
has  to  pass,  and  the  friction  to  which  it  is  subjected  against  their 
sides,  their  walls  wonld  give  way,  and  they  would  burst. 
They  have,  accordingly,  a  tough  elastic  fibrous  coat,  which  bears 
great  resemblance  to  muscle  in  structure  and  properties.     On 

*  It  is  a  common  but  erroneous  statement  in  Physiological  works,  that  the  size 
of  the  attciial  system  increasea  at  each  subdivision. 
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the  other  hand,  the  Veins  receive  the  blood  after  the  heart's 
power  over  it  has  been  almost  expended ;  and  when  it  is  conse- 
qaently  moving  mncb  more  slowly.  They  are  very  large  in 
proportion  to  the  arteries ;  so  that^  if  we  were  to  cut  across  a 
limb  at  any  place,  and  to  estimate  the  respective  areas  of  all  the 
veins  and  arteries,  we  should  find  that  of  the  veins  two  or  three 
times  as  great  as  that  of  the  arteries.  Hence  the  pressure  on 
their  walls  is  much  less ;  and  their  strength  does  not  require  to 
be  so  great.  Accordingly,  we  find  their  walls  much  thinner, 
and  the  tough  elastic  fibrous  coat  almost  entirely  wanting. 

249.  The  difference  in  the  force  with  which  the  blood  presses 
on  the  walls  of  the  arteries  and  veins,  is  seen  when  these  vessels 
are  wounded.  If  a  small  incision  be  made  into  an  artery,  the 
blood  spouts  firom  it  to  a  great  distance ;  but  if  a  similar  incision 
be  made  in  a  vein,  the  blood  merely  flows  out,  unless  we  stop  its 
passage  to  the  heart,  by  making  pressure  on  the  vein  above  the 
orifice,  as  in  ordinary  blood-letting  (§.  277) •  Hence  much  greater 
pressure  is  requisite  to  check  bleeding  from  an  artery  than  bleed* 
ing  from  a  vein ;  and  it  frequently  happens  that  no  amount  of 
pressure  can  prevent  the  continued  drain  of  blood  from  the  former, 
so  that  it  becomes  necessary  to  stop  the  flow  of  blood  through 
the  artery  altogether,  by  tying  a  ligature  tightly  round  it. 

250.  The  Arteries  are  for  the  most  part  so  distributed,  that 
their  trunks  lie  at  a  considerable  distance  from  the  surface  of  the 
body,  so  as  to  be  secluded  from  injury ;  and  they  are  often  spe- 
cially protected  by  particular  arrangements  of  the  bony  parts. 
Of  the  Veins,  on  the  other  hand,  a  large  proportion  lie  near  the 
surface,  and  they  are  consequently  more  liable  to  be  injured ; 
but,  for  the  reason  just  stated,  wounds  in  them  are  of  compara- 
tively little  consequence. 

25 1 .  The  ultimate  ramifications  of  the  Arteries  are  continuous 
with  the  commencing  twigs  of  the  Venous  system.  The  commu- 
nication is  established  by  means  of  a  set  of  extremely  minute 
vessels,  which  are  termed  capUlariet.*    These  capillaries  form 

*  From  the  LaUo  oapiUaj  hair ;  so  named  on  account  of  their  heing,  like  hairs, 
of  rttj  minute  atze.  Their  diameter  is  really,  however,  far  iesi  than  that  of  ordi- 
nary hairs. 

o2 


19G  CAPILLARY    VESSELS. 

a  network,  which  is  to  be  found  in  almost  ever7  part  of  the 
9  0  body.  It  is  in  them  alone 

that  the  blood  ministers  to 
the  operations  6f  nutrition 
and  secretion.  Even  the 
walls  of  the  blood-vessels 
are  incapable  of  directly 
imbibing  nourishment 
^  from    the    blood    which 

FIO.  IM-CAWLLABIW  IN  THE  WU  Or  TH«  pj^gg^g  thrOUgh  thcm  ,«     but 

Fmhi's  foot  ;  a,  artbhiks,  v,  tkins.  '^  o  » 

are  supplied  with  minute 
branches,  which  proceed  from  neighbouring  trunks,  and  form  a 
capillary  network  in  their  substance.  The  diameter  of  the  capil- 
laries must  of  course  bear  a  certain  proportion  to  that  of  the 
blood-discs  which  have  to  pass  through  them.  In  Man  they  are 
commonly  from  about  1 -2500th  to  1-1 600th  of  an  inch  in  dia- 
meter. In  the  true  capillaries,  it  would  seem  that  only  one  row 
or  file  of  these  particles  can  pass  at  a  time ;  but  we  frequently 
see  vessels  passing  across  from  the  arteries  to  the  veins,  which 
will  admit  several  rows.  There  seems,  however,  to  be  a  con- 
siderable difference  in  the  diameter  of  the  same  capillary  at  dif- 
ferent times ;  a  change  sometimes  taking  place  from  causes  which 
are  not  yet  understood.  This  system  of  capillary  vessels  evi- 
dently bears  a  strong  resemblance  to  that  of  tho  UUu^erouM  ves- 
sels of  Plants  (See  Yeobt.  Phts.  §.  87) ;  but  in  the  latter, 
there  are  no  large  trunks,  because  there  is  no  central  oi^gan  of 
impulsion  corresponding  to  the  heart  of  Animals,  and  the  circn- 
lation  is  entirely  capillary. 

252.  The  Arterial  and  Venous  systems  thus  communicate 
with  each  other  at  their  opposite  extremities  ; — their  large  trunks 
through  the  medium  of  the  heart ; — and  their  ultimate  subdi- 
visions through  the  capillaries.  Hence  we  may  consider  tliis 
double  apparatus  of  vessels  as  forming  a  complete  cireUt  through 
which  the  blood  flows  in  an  uninterrupted  stream,  returning 
continually  to  its  point  of  departure ;  and  the  term  drctdatum 
is  therefore  strictly  applicable. 

263.    But  the  conveyance  of  the  nutritive  fluid  to  the  several 
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organs  of  the  body,  for  their  support  and  maintenance,  is  not 
the  only  object  to  which  its  circulation  has  to  minister.     It  is 
requisite  that  the  blood  should  be  continually  exposed  to  the  in- 
fluence of  the  air,  by  which  it  may  get  rid  of  the  carbonic  acid 
with  which  it  has  become  charged  during  its  circulation  in  the  sys«- 
teni,  and  may  take  in  a  fresh  supply  of  oxygen,  which  has  been 
withdrawn  from  it  at  the  same  time.    In  order  to  effect  this  expo- 
sure, the  blood  is  conveyed  to  a  particular  organ,  in  which  it  is 
made  to  pass  through  a  set  of  capillary  vessels ;  and  is  there 
brought  into  almost  immediate  contact  with  air.     In  the  lower 
tribes,  in  which  this  aeration  is  (from  various  causes  hereafter  to  be 
explained)  much  less  constantly  necessary  than  in  the  higher,  we 
find  the  respiratory  organ  supplied  by  a  branch  from  the  general 
circulation ;  and  the  blood  which  has  passed  through  it,  and 
which  has  been  subjected  to  the  invigorating  influence  of  the  air, 
is  mingled  in  the  heart  with  that  which  has  been  deteriorated 
by  circulating  through  the  system,  which  is  again  supplied  with 
this  mixed,  half-aerated  blood.    But  in  the  highest  classes,  there 
is  a  distinct  circle  of  vessels,  subservient  to  the  respiratory  func- 
tion :  an  arterial  trunk  issuing  directly  from  the  heart,  and  sub- 
dividing into  branches  which  terminate  in  the  capillary  system 
of  the  respiratory  organ  ;  a  set  of  capillaries,  in  which  the  aera- 
tion of  the  blood  takes  place ;   and  a  system  of  veins,  which 
collects  the  blood  from  these,  and  returns  it  to  the  heart.     This 
circuit  of  the  blood  is  sometimes  called  the  leaser  circulation  ; 
to  distinguish  it  from  that  which  it  makes  through  the  general 
system,  which  is  called  the  greater  circtdation. 

254.  But  the  course  which  the  blood  takes,  and  the  structure 
of  the  apparatus  which  is  subservient  to  its  movement,  differ 
very  greatly  in  the  several  classes  of  animals.  The  chief  of  these 
diflerences  will  be  pointed  out  hereafter ;  and  it  will  be  prefer- 
able to  commence  with  the  highest  and  most  complex  form  of 
the  circulating  system,  such  as  we  And  in  Man,  that  it  may  servo 
as  a  standard  of  comparison,  with  which  these  may  be  con* 
trasted. 


r  THE  BBAHT  IN   MAN. 

Cinulaiing  Apparatiu  of  the  Higher  Animali. 

255.  la  Man,  and  tlioM  uiimala  which  apptoach  him  most 
nearly  ia  structure,  the  htart  is  situated  between  the  Inogs  id 
the  cavity  of  the  chest,  which  b  tenned  hj  anatomiBts  the  tioroj:. 

Its  form  is  somewhat  coni- 
cal;  the  lower  extremity 
.  "    tapering  almost  to  a  point, 
and  the  upper  part  being 
"    much  larger,     The  lower 
end  ia  quite  unattached, 
and  poiuts  rather  forwards 
and  to  the  left ;    daring 
the     contraction    of    the 
heart,  it  is  tilted  forwards, 
j,  I    and   strikes    against   the 

d  d    walLjoftliechesttbetween 

(in  Man)  the  fifth  and 
uxth  ribs.  It  is  ftom 
the  large  or  upper  extre- 
mity, that  tlie  great  vea- 
•"■  vevra  vi  selsarise;andthese,being 

Fio.  n&— LuHH,  UuiT.  *H<i  nuHcuAL  TiBuu    attacLcd  to  ths  ueifffabonr- 
me  parts,  serve  to  snHiend 

or.  rfiht  ■urkla:  «r,  ri(hl  TentrirH:  rl.  left     "T^  ^      ^ 

•ntrioi*;  a.  aoru:  k.  '»»  «»:  «.  «>o(id    the  heart,  as  it  Were,  m  a 

menta  may  take  place 
Areely.  Tliiscavity  is  lined  byasmooth  serous  membrane,  which, 
near  its  top,  is  refiedtd  downwards  over  the  veeaeb,  and  cavera 
the  whole  outer  surbce  of  the  heart.  Hence  as  the  surface  of 
the  heart,  and  the  lining  of  the  cavity  in  which  it  works,  are  alike 
smooth,  and  are  kept  moist  (in  health)  with  a  fluid  secreted  for 
the  purpose,  there  is  as  little  interruption  as  poerible  from  firiction. 
in  the  working  of  this  important  mschme. 

256.  We  may  stop  to  explain  the  mode  in  which  this  peri- 
eardimn  (or  membrane  surrounding  the  heart)  is  d 


AUUKOEMBNT  OF  THB   PERICARDIUM.  199 

tame  it  affords  a  nmpte  tj^  or  spedmen  of  tlie  mode  in  which 
otb»  membnuies  of  aimilu 
charaoter  are  uranged  ronnd 
other  organs,  tncb  ae  the 
limgt,  bowels,  and  brain,  and 
ilso  in  the  joints.  In  Fig. 
116  is  seen  the  heart  sus- 
pended freelyin  its  cavit7,by  ',. 
the  large  Teasels  proceeding 
Irom  its  top.  Tliis  caritf 
is  completely  lined  by  the 
membrane  p',  which  closely 
embraces    the  Tewels,    and       p.^.  „g_D,«„«„™iP.«c.«.u«. 

which  then  bends  down  over         ^  ,orlcl« ;  bb,  Tmlriotat ;  t,  milmonmiY 

thesar&ce  of  the  heart,  so  as  "'«)' :  r.  •oct» ;  p/r.  poioudiimi. 
to  enclose  it  in  the  enTelope,  p.  Hence  it  will  be  seen  that 
Hk  membrane  forms  a  completely  eloied  bat/  or  tac;  whilst  it 
neTertheless  inclndee  the  heart,  and  allows  it  to  commnnicate 
with  its  vessels.  To  adopt  a  homely  simile,  it  is  exactly 
inalogODi  to  a  common  double  cotton  or  woollen  nightcap ;  for 
this  too  is  composed  of  a  closed  bag ;  and  the  head  is  really 
on  the  outtide  of  its  cavity  (which  interrenes  between  its  two 
liyers),  whilst  seeming  to  be  included  within  it.  It  is  by  a 
BiniiUr  arrangement,  that  the  other  organs  just  mentioned  are 
kept  in  their  places ;  and  thus  tbeic  vessels,  nerves,  &c.  are 
allowed  to  reach  them,  without  perforatttiff  their  envelope ; 
whilst  they  are  securely  retamed  in  their  places,  in  a  mode  which 
Mrertbeless  permits  sufficient  freedom  of  movement. 

257.  The  heart  may  be  described  as  a  hollow  muscle,  which, 
in  Birds  and  Mammalia,  as  in  Man,  is  divided  into  four  dis- 
tinct diambers.  This  division  is  effected  by  a  strong  vertical 
partition,  that  divides  the  entire  heart  into  two  halves,  which 
»re  almost  exactly  simitar  to  each  other,  excepting  in  the  greater 
thickness  of  the  walls  on  the  left  side  ;  and  each  of  these  halves 
(which  do  not  communicate  with  one  another)  ie  again  sabdivided 
by  a  transverae  partition,  into  two  cavities,  of  which  the  upper 
one  is  tenned  the  auricle,  and  the  lower  the  tmtricU.     Thiis  wo 
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hvn  the  right  and  left  auricles,  and  the  right  and  left  ventricles. 
Each  auricle  communicates  with  ita  corresponding  ventricle,  by 


FQliDoury  vein*. 


Left  notrlclft 


an  aperture  in  the  tranBverse  partition,  which  is  guarded  by  a 
valve.  The  wnlls  of  the  ventricleB  are  much  thicker  than  those 
of  the  auricles  ;  and  for  this  evident  reason, — that  the  ventricles 
have  to  propel  the  blood,  by  their  contraction,  through  a  system 
of  remote  vessels  ;  whilst  the  auriolee  have  only  to  transmit  the 
fluid  that  has  been  poured  into  them  by  the  veins,  into  the 
ventricles,  which  dilate  themselves  to  receive  it.  The  compara- 
tive thickness  of  the  walls  of  the  left  and  right  ventriclea  is  ex- 
plunsble  on  the  same  principle  ;  for  the  left  ventricle  has  to  send 
the  blood,  hy  its  contractile  power,  through  the  remotest  parte 
of  the  body ;  whilst  the  right  has  only  to  transmit  it  throngfa  the 
lungs,  which,  being  much  nearer,  reqoire  a  far  less  amount  of 
force  for  the  circulation  of  the  blood  through  them. 

268.  The  arterial  system  of  the  greater  circulation  entirely 
springs  from  one  large  trunk,  which  is  called  the  aorta  (see 
Figs.  116—118)  ;  this  originates  in  the  left  ventricle,  and  is  the 
only  vessel  which  posses  out  from  that  cavity.  It  first  ascends 
towards  the  bottom  of  the  neck ;  then  forms  what  is  termed  the 
arei,  a  sudden  curve,  which  gives  it  a  downward  direction ;  and 
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then  descenda  along  the  front  of  tlie  apinal  column,  bebiad  the 
hnrt,  as  far  as  the  lower  part  of  the  trunk,  where  it  divides  into 


AxUtuT*rt. 


IHL—AitTiMU  Brsi 


two  great  brauchea,  which   proceed  to  tho   lower  extremities. 
From  Uie  arcli  of  the  aorta  arc  given  oiT  the  vesHcbi  which  supply 
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the  head  and  upper  extremities.  These  are,  the  two  earodds^ 
which  ascend  on  either  side  of  the  neck  ;  and  the  two  guhdatiaiit 
which  pass  outwards  beneath  the  clavicles,  so  as  to  arrive  at  the 
arms, — becoming  successively  in  their  course  the  aanUary  tnd 
brachial  arteries,  as  they  pass  through  the  axilla  or  arm-pit,  and 
along  the  arm.  The  subclavian  and  carotid  arteries  of  the  riglit 
side  arise  together  from  the  aorta,  in  Man,  by  a  common  trank ; 
but  this  arrangement  varies  much  in  different  Mammalia.  Thus 
in  the  Elephant,  the  two  carotids  arise  by  a  common  trunk,— the 
two  subolavians  separately.  In  some  of  the  Whale  tribe,  all  four 
are  separate.  In  the  Bat,  the  subclavian  and  carotid  of  the  left 
side  arise  from  a  commim  trunk,  like  those  of  the  right.  And  in 
those  Ruminating  animals  which  possess  a  long  neck,  all  four 
arteries  come  off  from  the  aorta  together,  by  a  large  trunk,  which 
first  gives  off  the  subclavians  on  either  side,  and  then  divides 
into  the  carotids.  All  thue  varietist  oceasianaUy  pretent  them- 
$ehei  in  Man  ; — ^a  fact  of  no  small  interest. 

259.  The  descending  aarta^  in  its  progress  along  the  trunk, 
gives  off  several  important  branches ; — as  the  codiac^  from  which 
the  stomach,  liver,  and  spleen  are  supplied ;  the  r^tia/,  to  the 
kidneys  ;  and  the  mesenlericy  to  the  intestines.  It  divides  at  last 
into  the  two  iliac  arteries ;  which,  after  giving  off  branches  for 
the  supply  of  the  lower  bowels,  pass  into  the  thighs,  where  they 
become  the  femoral  arteries ;  and  these  again  subdivide  into 
branches  for  the  supply  of  the  leg. 

260.  For  the  sake  of  comparison,  a  figure  of  the  arterial 
system  of  a  Bird  is  introduced ;  from  which  it  will  be  seen  that 
by  far  the  larger  proportion  of  its  blood  is  distributed  to  the 
upper  extremities.  In  Man,  the  descending  aorta  is  evidently 
the  continuation  of  the  aortic  arch  ;  and  the  parts  which  it  sup- 
plies receive  fior  more  blood  than  the  head  and  upper  extremities, 
— the  locomotion  of  biped  man  being  performed,  almost  entirely, 
by  his  lower  limbs.  In  quadrupedi^  which  require  nearly  as 
much  strength  in  their  fore  feet  as  in  their  hind,  the  subclavian 
arteries  bear  a  larger  proportion  to  the  iliac.  But  in  birde^  the 
function  of  locomotion  is  almost  entirely  performed  by  the  wings; 
and  their  powerful  muscles,  which  constitute  the  mass  of  flesh 
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Ijiiig  m  the  breast,  aie  supplied  with  blood  by  the  arteries  of 
the  upper  extremities,  which  here  possess  a  manifest  predomi- 
nance.    The  aorta,  soon  after  ita  origin,  subdivides  into  three 


t'a.  IIP— AimuiL  BnttM  or  Bud. 

large  branches ;  of  which  the  two  first,  one  on  either  eide,  (each 
giving  off  the  subclaTian  and  carotid  arteries.)  convey  the  blood 
to  the  head,  the  wings,  and  the  muscles  lying  on  the  thorax ;  whilst 
the  middle  one  cnrres  backwards  and  downwards,  and  becomes 
tiie  descending  aorta.  Now  that  which  is  here  the  continuation 
of  the  great  side  branch,  is  neither  the  carotid  nor  the  eubcl»- 
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vian,  both  of  which  are  subordinate  branches  given  off  from  it; 
but  it  is  the  trunk  which  distributes  the  blood  to  the  muscles  of 
the  breast,  and  which  in  Man  is  a  subordinate  branch  of  the 
subclavian  artery  (the  mammary).  The  descending  aorta  is  seen 
to  lose  itself  almost  entirely  in  supplying  the  viscera  of  the  trunk; 
so  that  the  branches  into  which  it  divides  at  last  for  the  supply 
of  the  legs  are  very  small.  These  limbs,  in  birds,  are  usuaUy 
required  only  for  the  support  of  the  body  at  times  of  rest,  and 
are  seldom  much  concerned  in  locomotion ;  so  that  they  poflseaB 
little  muscular  power,  and  require  but  a  small  supply  of  blood. 

261.  It  is  very  interesting  to  trace  such  differencos  in  the 
arrangement  of  the  vascular  system,  corresponding  with  variations 
in  the  general  plan  of  structure,  yet  not  exhibiting  any  actoal 
departure  from  the  general  type.  Thus,  there  is  probably  not  a 
single  large  artery  in  Man,  to  which  a  corresponding  branch  might 
not  be  found  in  the  Bird ;  on  the  other  hand,  there  is  perhaps  not 
a  single  large  artery  in  the  Bird,  to  which  there  is  not  an  analo- 
gous branch  in  Man.  The  chief  difference  consists  in  the  relative 
sizes  of  the  several  trunks ;  and  these  correspond  closely  with  the 
amount  of  tissue  they  have  respectively  to  supply.  Here  then, 
we  have  one  example,  out  of  many  that  might  be  adverted  to,  of 
that  Unity  of  Design,  which  we  see  everywhere  prevalent  through- 
out nature ;  manifesting  itself  in  the  close  conformity  of  a  great 
number  of  apparently  different  structures,  to  one  general  plan ; 
whilst  there  is,  at  the  same  time,  an  almost  infinite  variety  in  the 
details. 

262.  There  is  a  very  interesting  peculiarity  in  the  distribu- 
tion of  the  arteries,  by  which  the  due  circulation  of  blood  is  prey- 
vided  for,  even  though  there  should  be  an  obstructton  in  the  main 
trunk.  The  branches  which  are  given  off  from  it  at  different 
parts,  have  frequent  communications  or  a/MuAomoim  with  each 
other;  so  that  blood  may  pass  from  an  upper  part  of  a  main 
artery  into  the  lower,  by  means  of  these  lateral  communications, 
even  though  its  flow  through  the  trunk  itself  should  be  com- 
pletely stopped.  These  anastomoses  are  very  numerous  in  the 
arteries  of  the  limbs,  and  particularly  about  the  joints ;  and  it  is 
well  that  they  are  so :  for,  by  relying  on  the  maintenance  of  tlie 
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circalation  through  them,  the  Surgeon  is  often  ahle  to  save  a  limh 
or  even  a  life,  which  would  otherwise  be  sacrificed. 

263.  Arteries  are  liable  to  a  peculiar  disease,  termed  oTieurism, 
which  consists  in  a  thinning  away,  or  rupture,  of  the  tough  fibrous 
coat,  and  a  great  dilatation  of  the  other  coats,  so  that  a  pulsating 
tomonr  is  formed.  This  change  takes  place  most  frequently  at  the 
bend  of  the  thigh,  the  ham,  the  shoulder,  and  the  elbow ;  where  the 
artery,  in  the  working  of  these  joints,  often  has  to  undergo  sudden 
twists.  The  result  of  the  disease  would  be  generally  fatal ;  in 
consequence  of  the  gradual  thinning  away  of  the  walls  of  the 
tumour,  which  at  last  bursts,  allowing  the  blood  to  escape  from 
the  arterial  trunk  with  such  rapidity  as,  if  unchecked,  to  cause 
almost  instantaneous  death.  In  order  to  prevent  this,  the  sur- 
geon tie9  the  artery  at  some  little  distance  above  the  aneurism, — 
that  is,  he  puts  a  thread  round  it,  which  is  drawn  so  tight  as  to 
prevent  the  passage  of  any  blood  to  the  aneurism.  The  circula- 
tion in  the  lower  part  of  the  limb  is  at  first  retarded ;  its  tempe- 
rature foils ;  and  it  becomes  more  or  less  insensible.  But  after 
the  lapse  of  a  few  hours,  the  circulation  becomes  quite  vigorous, 
the  pulsations  strong,  the  temperature  rises,  and  the  numbness 
passes  off;  and  as  the  main  trunk  still  continues  completely  ob- 
structed, this  can  only  be  effected  by  the  flow  of  blood  through 
the  anastomoses,  which  must  in  that  short  period  have  undergone 
considerable  enlargement.  Examination  of  the  vessels  after  death 
shows  that  this  has  been  actually  the  case.  Even  the  aorta  has 
thus  been  tied  in  dogs,  without  causing  death  ;  the  anastomoses 
of  the  branches  given  off  from  its  upper  part,  with  those  pro- 
ceeding from  the  lower,  being  sufficient  to  maintain  the  circula- 
tion in  the  latter,  when  the  current  through  the  main  trunk  is 
obfltrocted:  the  operation  has  been  twice  performed  on  Man, 
as  a  last  resource,  in  cases  which  would  otherwise  have  been 
necessarily  fatal, — ^unfortunately,  however,  without  success. 

264.  A  very  complex  series  of  anastomoses,  forming  a  com- 
plete net-work  of  large  tubes,  is  found  in  several  situations, 
where  it  is  desirable  to  retard  the  flow  of  blood  to  a  particular 
organ,  whilst  a  large  amount  is  to  be  allowed  to  pass  through. 
Thus  in  animals  which  keep  their  heads  near  the  ground  for 
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some  time  together,  as  in  grasing,  the  arteries  which  sapply  the 
hrain,  suddenly  divide,  on  their  entrance  within  the  sknll^  into  a 
great  number  of  branches,  by  the  anastomoses  of  which,  a  oom* 
plez  network  is  formed ;  and  from  this  network,  by  the  reunion 
of  its  small  vessels,  originate  tlie  trunks  which  supply  the  brain 
in  the  usual  manner.     The  object  of  this  apparatus  appears  to  be, 
to  prevent  the  influence  of  gravitation  from  causing  a  too  great 
rush  of  blood  towards  the  brain,  when  the  head  is  in  a  depending 
position ;  for  the  rapidity  of  its  flow  will  be  checked,  as  soon  as 
it  enters  the  network,  and  is  distributed  through  its  numerous 
canals.     A  similar  conformation  is  found  in  the  blood-vessels  of 
the  limbs  of  the  Sloth,  and  of  some  other  animals  which  resemble 
that  animal  in  the  sluggishness  of  their  movements ;    and  its 
object  is  probably  to  prevent  the  muscles   from  receiving  too 
rapid  a  supply  of  blood,  which  would  give  them  what  (for  these 
animals)  would  be  an  undue  energy  of  action ;  whilst,  by  the 
very  same  delay,  their  power  of  acting  is  greatly  prolonged, — ^as 
we  find  it  to  be  in  Reptiles,  whose  circulation  is  languid  (§.  284). 
265.     In  the  Whale  tribe,  and  some  other  diving  animals  that 
breathe  air,  we  find  a  curious  distribution  of  the  blood-vessels 
which  has  reference  to  their  peculiar  habits.     The  intercoHal 
arteries  (which  are  sent  off  from  the  aorta  to  the  spaces  between 
the  ribs  on  each  side)  are  enormously  dilated,  and  are  twisted 
into  thousands  of  convolutions,  which  are  bound  together  into  a 
mass  by  elastic  tissue.     This  mass,  which  is  of  considerable  bulk, 
Kes  at  the  back  of  the  chest,  along  both  sides  of  the  vertebral 
column ;  and  it  serves  as  a  reservoir,  in  which  a  great  quantity 
of  arterial  blood  may  be  retained.     The  veins  also  have  very 
large  dilatations,  which  are  capable  of  being  distended,  so  as  to 
hold  a  considerable  amount  of  venous  blood  ;  and  thus,  while  the 
animal  is  prevented  from  breathing,  by  its  submersion  in  the 
water,  the  circulation  through  the  capillaries  of  the  system  is 
kept  up,  by  the  passage  of  the  blood  stored  up  (as  it  were)  in 
the  arterial  system,  into  the  venous  reservoirs.     If  this  provision. 
did  not  exist,  the  whole  circulation  would  come  to  a  stand,  in 
consequence  of  the  obstruction  it  meets  with  in  the  lungs,  when 
the  breathing  is  stopped. 
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266.  As  to  the  venous  stfitem  there  is  little  to  be  added  to 
what  has  been  already  stated,  of  its  general  character  and  distribu* 
tioD.  The  large  proportion  which  its  capacity  bears  to  that  of 
the  arterial  system,  is  shown  by  the  fact,  that  every  main  artery 
is  accompanied  by  a  vein  (frequently  by  two)  considerably 
larger  than  itself;  and  that  the  superficial  veins,  which  lie  just 
beneath  the  skin,  are  capable  of  conveying  at  least  as  much  more. 
The  veins  of  the  body  in  general  unite  into  two  large  trunks,  the 
ntperior  and  inferior  vena  cava;  which  meet  as  they  enter  the 
right  auricle  of  the  heart.  The  superior  vena  cava  is  formed 
by  the  union  of  the  veins  which  return  the  blood  from  the  neck 
(the  jugulars)  with  those  which  convey  it  from  the  arms,  (the 
subclavian)  as  shown  in  Fig.  115  ;  and  the  inferior  cava,  (vc  Fig. 
115)  receives  the  blood  from  the  trunk,  the  organs  contained  in 
the  abdomen,  and  the  lower  extremities. — There  is  an  important 
peculiarity  in  the  distribution  of  the  veins  of  the  intestines,  which 
should  not  pass  unnoticed.  Instead  of  delivering  their  blood  at 
once  into  the  inferior  vena  cava,  these  veins  unite  into  a  trunk, 
called  the  vena  portas^*  which  enters  the  liver  and  subdivides  into 
branches,  whence  a  capillary  network  proceeds  that  permeates 
the  whole  of  its  mass.  It  is  from  the  venous  blood,  as  it  tra- 
verses this  network,  that  the  secretion  of  bile  is  formed ;  and 
the  blood  which  is  brought  by  the  hepatic  arUry  serves  chiefly 
to  nourish  the  liver, — ^no  bile  being  formed  from  it,  until  it  has 
become  venous.  The  blood  is  carried  off  from  this  double  set  of 
capillaries  by  the  hepatic  vein^  which  carries  it  into  the  inferior  vena 
cava.  In  Fishes,  not  only  the  blood  of  the  intestines,  but  that 
of  the  tail  and  posterior  part  of  the  body,  enters  this  portal  sys- 
tem, which  is  distributed  to  the  kidneys  as  well  as  to  the  liver. 
Thus  all  the  blood  which  flows  through  the  portal  system,  has  to 
go  through  two  sets  of  capillaries,  between  each  period  of  its  leav- 
ing the  heart  by  the  aorta,  and  its  return  to  it  by  the  vena  cava. 

267.  We  have  yet  to  notice  the  lesser  circulatian,  which  is 
confined  to  the  lungs  only.     The  venous  blood  which  is  returned 

*  The  name  vein  of  the  gate,  which  this  trunk  has  receiyed,  was  given  to  it 
from  the  tort  of  gateway  formed  by  the  fissure  of  the  liver  into  which  it  enters, 
guarded,  as  it  were,  hy  pillars  before  asd  behind. 
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to  the  heart  by  the  venae  cayad,  enters  the  right  auricle,  and 
thence  paeses  into  the  right  ventricle.  By  the  contraction  of 
this  last  cavity,  it  is  expelled  through  the  pulmonary  arteiy 
(Fig.  117))  which  soon  divides  into  two  main  trunks  that  proceed 
to  the  right  and  left  lungs  respectively.  The  right  trunk  again 
subdivides  into  three  principal  branches,  which  are  distributed 
to  the  three  lobes  or  divisions  of  the  right  lung ;  whilst  the  left 
divides  into  two  branches,  which  are  in  like  manner  distributed 
to  the  two  lobes  of  the  left  lung.  The  capillaries,  into  which 
these  branches  ultimately  subdivide,  are  distributed  upon  the 
walls  of  the  air-cells ;  and  the  character  of  the  blood  is  in  them 
converted,  by  exposure  to  the  air,  from  the  dark  venous  to  the 
bright  arterial.  From  this  capillary  network  the  pulmonaiy 
veins  arise;  and  the  branches  of  these  unite  into  trunks,  of 
which  two  proceed  from  each  lung,  to  empty  themselves  into  the 
left  auricle  (Fig.  117)*  This  auricle  delivers  the  blood,  now  arte- 
rialised,  or  aerated  (§.  253),  into  the  left  ventricle,  whence  the 
aorta  arises ;  and  by  the  contraction  of  this  cavity,  it  is  delivered 
through  that  vessel  to  the  system  at  large. 

268.  It  will  be  observed  that  the  vessel  which  proceeds  from 
the  heart  to  the  lungs  is  called  the  pulmonary  artery,  although 
it  carries  dark  or  venous  blood.  This  is  because  it  conveys  the 
hlood/ram  the  heart  towards  the  capillaries.  And,  for  a  similar 
reason,  the  vessels  which  return  the  blood  from  the  capillaries  to 
the  heart  are  termed  pulmonary  tein$,  although  they  cairy  red 
or  arterial  blood. 

Meehaniim  of  the  Circulation, 

269.  The  mechanical  action,  by  which  the  blood  is  caused 
to  circulate  in  the  vessels,  is  easily  comprehended.  The  cavities 
of  the  heart,  as  already  explained  (§.  245),  contract  and  dilate 
alternately,  by  the  alternate  shortening  and  relaxation  of  the 
muscular  fibres  that  form  their  walls  (Ohap.xii.) ;  and  the  force  of 
their  contraction  is  sufficient  to  propel  the  blood  through  the 
vessels  which  proceed  from  them.  The  two  ventricles  contract 
at  the  same  moment ;  the  auricles  contract  during  the  relaxation 
of  the  ventricles,  and  are  themselves  relaxed  whilst  the  ventricles 


MBCHAMISM    OF    THB   HEART. 


209 


ure  contracting.  The  series  of  movements  is  therefore  as  fol* 
lows  : — ^The  auricles  being  full  of  blood  which  they  have  received 
from  the  vense  caves  and  pulmonary  veins,  discbarge  it  by  their 
contraction  into  the  ventricles,  which  have  just  before  emptied 
themselves  into  the  aorta  and  pulmonary  artery,  and  which  now 
dilate  to  receive  it.  When  filled  by  the  contraction  of  the 
auricles,  these  contract  in  their  turn,  so  as  to  propel  their  blood 
into  the  great  vessels  proceeding  from  them ;  and  whilst  they  are 
doing  this,  the  auricles  again  dilate  to  receive  the  blood  from  the 
venous  system,  after  which  the  whole  process  goes  on  as  before. 
It  is  when  the  ventricles  contract,  that  we  feel  the  beat  of  the 
heart,  which  is  caused  by  the  striking  of  its  lower  extremity 
against  the  waUs  of  the  chest ;  and  it  is  by  the  same  action  that 
the  pulse  in  the  arteries  is  produced  (§.  276). 

270.  The  combined  actions  of  each  auricle  and  its  ventricle, 
may  be  illustrated  by  an  apparatus  like  that  represented  in  Fig. 
120.  It  consists  of  two  pumps,  a  and  6,  of  which  the  pistons 
move  up  and  down  alternately ; 
and  these  are  connected  with  a 
pipe,  <r^  in  which  there  are 
two  valves,  d  and  0,  opening  in 
the  direction  of  the  arrow. 
The  portion  e  of  the  pipe  re- 
presents the  venous  trunk,  by 
which  the  blood  enters  the  heart; 
the  pump  a  represents  the  aiuri- 
de,  and  the  nuong  of  its  piston  *; 
enables  the  fluid  to  enter  and  fill 
it.  When  its  piston  is  lowered, 
its  fluid  is  forced  through  the  valve  d  into  the  pump  b  (which 
repraeents  the  ventricle),  whose  piston  is  at  the  same  time 
raised  to  receive  it ;  and  when  this  piston  is  lowered  in  its  turn, 
the  fluid  (being  prevented  from  returning  into  a,  by  the  closure 
of  the  valve  d)  is  propelled  through  the  valve  e  into  the  pipe  /, 
which  may  represent  an  arterial  tube ;  whilst  at  the  same  time 
a  fresh  supply  of  blood  is  received  into  the  pump  a  by  the  raising 
of  ii»  piston. 


Pig.  120. 
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271.  The  number  of  contractions  of  the  heart,  which  ordin- 
arily takes  place  in  an  adult  man,  is  from  60  to  70  per  minute. 
It  is  usually  rather  greater  in  women ;  and  in  children  it  is  far 
higher,  being  from  130  to  140  in  the  new-bom  infant,  and  gra- 
dually diminishing,  during  the  period  of  infancy  and  childhood. 
It  is  rather  greater  in  the  standing  position  than  in  the  sitting 
posture ;  and  in  sitting,  than  in  lying  down.  It  is  increased  by 
exercise,  especially  by  ascending  a  steep  hill,  or  going  up  stairs ; 
and  also  by  any  mental  emotion.  It  is  important  to  remember 
these  facts,  in  reference  to  the  management  of  those  who  are 
suffering  under  diseases  of  the  lungs,  which  prevent  the  ready 
passage  of  the  blood  through  them ;  for  if  the  heart's  action  be 
increased  in  strength  and  frequency,  whilst  the  passage  of  the 
blood  through  the  lungs  is  impeded,  a  feeling  of  very  great  dis- 
tress is  experienced ;  and  there  may  be  even  danger  of  rupture  of 
the  heart  or  large  vessels,  or  of  sudden  cessation  of  the  heart's 
action,  causing  instant  death.  Such  persons  ought,  therefore, 
carefully  to  refrain  from  any  violent  muscular  movement,  and 
also  to  avoid  giving  way  to  strong  mental  emotions. — In  syncope 
or  fainting,  the  hearths  action  is  so  weakened  as  to  be  scarcely 
perceptible,  though  it  does  not  entirely  cease;  and  this  state 
may  be  brought  on  by  several  causes  which  make  a  strong  im- 
pression on  the  nervous  system,  such  as  violent  mental  emotion 
(either  joy,  or  grief,  or  terror),  sudden  loss  of  blood,  and  the  like. 

272.  The  blood  which  has  been  received  by  each  ventricle 
from  its  auricle,  is  prevented  from  being  driven  back  into  the 
latter,  on  the  contraction  of  the  former,  by  a  vcUm  that  guards 
the  aperture  through  which  it  entered.  This  valve  consists  of  a 
membranous  fold,  surrounding  the  borders  of  the  aperture,  and 
so  connected  with  the  surrounding  parts,  as  to  yield  when  the 
blood  passes  from  the  auricle  into  the  ventricle,  but  to  be  tight- 
ened so  as  completely  to  close  the  aperture,  when  it  presses  in 
the  contrary  direction.  The  manner  in  which  these  valves  act 
will  be  seen  from  Fig.  121,  which  is  a  section  of  the  right 
auricle  with  its  ventricle.  The  auricle,  a,  receives  its  blood 
from  the  two  venae  cavee,  «,  e ;  and  transmits  it  into  the  ven- 
tricle, b,  by  the  orifice,  c.     On  each  side  of  this  orifice  are  aeen 
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the    two  membnnona  folds,  which  are  kept  in  their  places  by 
the    tendinons  cords,    d.      Now    when  the 
blood  is  passing  from  a  to  b,  these  folds  yield  ' 

to  the  cwTent;  bnt  when  the  cavity  l>  is  - 

fiDedand  begins  to  contract,  the  blood  presses  i 

■gainst  their  nndv  sides,  eo  as  to  make 
them  cloae  against  each  other,  so  for  as  they 
are  permitted  to  do  by  the  tendinous  cords. 
In  this  manner,  the  apertore  is  completely 
shot,    and  no  blood   can  flow    back.      A  '' 

TalTe  of  this  kind  exists  on  each  aide  of  the  *^"^„b"  ,»  i!^'h1*iit™' 
heart ;  but  there  is  a  slight  difference  be- 
tween the  forms  of  the  two,  whence  they  have  receiTed  different 
namee.  That  on  the  ri^At  side  has  three  pointed  divisions,  to 
which  the  tendinons  cwds  are  attached ;  and  it  is  hence  called 
the  trwuipid  valve ;  whilst  that  on  the  left  side  has  only  two, 
so  ae  to  bear  some  resemblance  to  a  bishop's  mitie,  whence  it 
H  called  the  mitral  valve. 

273.  The  aorta  and  pulmonary  artery  are  in  like  manner 
fomiBhed  with  valves,  which  prevent  the  blood  that  has  been 
forced  into  them  by  the  contractiou  of  the  ventricles,  from  return- 
ing into  thoee  cavities  when  they  begin  to  dilate  again.  These 
valves,  however,  are  formed  upon  a  different  plan,  and  more 
resemble  those  of  the  veins,  which  will  be  presently  described. 
They  consist  of  three  little  pocket-shaped  folds  of  the  lining 
membrane  of  these  arteries  (similar  to  those  at  b  b,  Fig.  132), 
which  are  pressed  flat  against  the  walls  of  those  tubes,  when  the 
blood  is  forced  into  them  ;  but  as  soon  as  they  are  filled,  and  the 
ventricles  begin  to  dilate,  so  that  the  blood  has  a  tendency  to 
return,  it  presses  npon  the  upper  side  of  these  pockets,  and  fills 
them  out  against  one  another,  in  such  a  manner  as  completely  to 
close  the  entrance  into  the  ventricle.  The  three  little  pocket- 
shaped  folds,  however,  would  not  close  the  eenlrs  of  the  aperture, 
were  it  not  that  each  of  them  has  a  little  projection  from  its  most 
prominent  part,  which  meets  with  those  of  the  others,  and  effects 
the  requisite  end.     The  situation  of  these  valves  (which  are 
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termed  semilumtr  from  their  half-moon  shape)  is  seen  at  ^,  Fig. 
121 ;  where /is  the  pulmonary  artery. 

274.  From  the  mode  in  which  the  blood  is  forced  into  the 
arterial  system,  by  a  series  of  interrupted  impulses,  it  might  be 
supposed  that  its  course  would  be  a  succession  of  distinct  jets ; 
but  this  is  preyented,  and  the  current  is  reduced  to  an  equable 
stream  by  the  time  it  reaches  the  capillaries,  through  the  elasti- 
city of  the  walls  of  the  arteries.     In  order  to  comprehend  how 
this  acts,  we  may  first  suppose  a  forcing-pump  to  be  attached  to 
one  end  of  a  long  metal  pipe,  and  to  throw  into  it  a  series  of 
interrupted  jets ;    now  as  the  walls  of  the  pipe  are  hard  and 
unyielding,  it  cannot  contain  more  fluid  at  one  time  than  at 
another,  and  consequently  whatever  amount  of  water  is  forced 
into  it  by  the  pump  at  one  end,  the  same  must  be  immediately 
discharged  from  the  other.     Hence  this  discharge  must  take 
place  in  a  series  of  jets,  exactly  corresponding  to  those  which  are 
forced  into  it  by  the  pump.     But  if  the  pump  propel  its  fluid, 
not  into  a  hard  unyielding  tube  of  iron  or  lead,  but  into  an  elastic 
tube  of  india-rubber,  the  effect  will  be  very  difibreni.  The  effect 
of  each  stroke  of  the  pump  will  partly  be  expended  in  distending 
the  tube,  so  as  to  make  it  contain  an  additional  quantity  of 
water ;  and  the  jet  at  its  opposite  extremity  will  be  less  sudden. 
In  the  interval  of  the  stroke,  the  elasticity  of  the  walls  of  the 
tube  will  cause  it  to  eontract  again,  and  to  force  out  the  added 
portion  of  its  contents ;  this  it  has  not  completed  by  the  time 
that  the  action  of  the  pump  is  renewed ;  and  in  this  manner, 
instead  of  an  interrupted  jet  at  the  mouth  of  the  tube,  we  have 
a  continuous  flow,  which,  if  the  tube  be  long  enough,  wiU  become 
quite  equable. 

275.  It  is  in  precisely  this  manner  that  the  elasticity  of  the 
arteries  influences  the  flow  of  blood  through  them,  by  oonveriing 
the  interrupted  impulses  which  the  heart  communicates  to  it>  into 
a  continued  force  of  movement.  In  the  large  arteries,  these  im- 
pulses are  very  evident ;  in  the  smaller  branches  they  are  less  80» 
but  they  still  manifest  themselves  by  ihejerkinp  in  the  stream  of 
blood  proceeding  from  a  wound  in  one  of  these  vessels ;  whilst 
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in  the  capillaries,  the  influence  of  the  heart's  interrupted  impulses 
cannot  usually  be  seen  at  all,  the  streams  that  pass  through  them 
being  perfectly  equable.  The  effect  thus  corresponds  exactly 
with  that  of  the  air-vessel  of  the  forcing-pnmp  or  fire-engine,* 
in  which  the  elasticity  of  compressed  air  is  made  to  answer  the 
purpose  of  equalising  the  stream,  which  is  accomplished  in  the 
animal  body  by  the  elasticity  of  the  walls  of  the  arteries. 

276.  The  phenomenon  which  we  call  the  puhe^  is  nothing  else 
than  the  change  in  the  condition  of  the  artery  occasioned  by  the 
increased  pressure  of  the  fluid  upon  its  walls,  at  the  moment 
when  the  heart''s  contraction  forces  an  additional  quantity  of 
blood  into  the  arterial  system.  By  the  frequency  and  force  of 
this  change,  we  can  judge  of  the  power  with  which  the  blood  is 
being  propelled.  But  the  pulse  can  only  be  well  distinguished, 
when  we  can  compress  the  artery  against  some  resisting  body, 
80  that  there  is  a  partial  obstruction  to  the  flow  of  blood  through 
it,  which  causes  the  distention  to  be  more  powerful ;  the  most 
coDTenient  artery  for  this  purpose  is  the  radial  artery  (Fig.  118) 
at  the  wrist ;  but  the  carotid  artery  in  the  neck,  and  the  tem- 
poral artery  in  the  temple,  may  be  felt,  when  it  is  desired  to 
know  the  force  of  the  circulation  'in  the  head ;  and  the  arteries 
supplying  other  parts,  when  we  wish  to  gain  information  re- 
specting the  organs  they  supply.  For  an  increased  action  in  the 
organ,  whether  this  be  due  to  inflammation,  or  to  a  state  of  un- 
nsoal  activity  of  its  function,  causes  an  increase  of  size  in  the 
artery  which  supplies  it ;  and  thus  the  pulsation  may  be  un- 
nsnally  strong  in  a  particular  trunk,  when  the  heart's  action, 
and  the  general  circulation,  are  not  in  a  state  of  excitement. 
For  instance,  a  whitlow  on  the  thumb  will  occasion  its  artery  to 
beat  almost  as  powerfully  as  the  radial  artery  usually  does ;  and 
exeeasive  activity  of  the  mind,  prolonged  for  some  hours,  greatly 
increases  the  force  of  the  pulsations  in  the  carotid  arteries,  from 
which  the  brain  is  chiefly  supplied. 

277.  The  impulse  of  the  heart,  and  the  elasticity  of  the 
arteries,  which  propel  the  blood  through  the  capillary  system, 
continue  to  act  upon  it  after  it  is  received  into  the  veins;  and 

*  Svc  Treatiw  on  Hyoraulic*. 


214  FLOW    OF   BLOOD   THROUGH   THE    VEINS. 

are  in  hci  the  chief  causes  of  its  movement  in  them.    If  we  in- 
terrapt  the  current  of  blood  through  an  artery,  by  making  pres- 
sure upon  ity  and  open  the  corresponding  vein,  the  fluid  will 
continue  to  flow  firom  the  latter,  so  long  as  the  artery  contains 
blood  enough  to  be  forced  into  the  vein  by  its  own  contraction ; 
but  as  soon  as  it  is  emptied,  the  flow  from  the  orifice  in  the  fein 
will  cease,  even  though  the  vein  itself  remains  nearly  fiiU.    If 
the  pressure  be  then  taken  off  the  artery,  there  is  an  immediate 
renewal  of  the  stream  from  the  vein,  which   may  be  agun 
checked  by  pressure  on  the  artery.     In  the  ordinary  operati<m 
of  bleeding,  we  cause  the  superficial  veins  of  the  arm  to  be  dis- 
tended,  by  tying  a  bandage  round  them,  tAove  the  point  at 
which  we  would  make  the  incision ;  and  when  an  aperture  is 
made,  the  blood  spouts  forth  freely,  being  prevented  by  the 
bandage  from  returning  to  the  heart.     But  if  the  bandage  be  too 
tight,  80  that  the  artery  also  is  compressed,  the  blood  will  not 
flow  freely  from  the  vein ;  and  the  loosening  of  the  bandage  will 
then  produce  the  desired  effect.     When  a  sufficient  quantity  of 
blood  has  been  withdrawn,  the  bandage  is  removed ;  and  the 
return-flow  through  the  veins  being   now  unobstructed,  the 
stream  from  the  orifice  immediately  diminishes,  so  as  to  be  very 
easily  checked  by  pressure  upon  it,  or  may  even  cease  alto- 
gether. 

278.  There  is  in  general  very  little  difficulty  in  controlling 
the  flow  of  blood  from  a  wound  of  a  vein  lying  near  the  aaihce ; 
as  moderate  pressure  is  sufficient.  But  the  difficulty  is  mudi 
greater  when  an  artery  is  wounded  ;  for  pressure  can  seldom  be 
effisctually  applied  in  the  situation  of  the  wound ;  and  the  sur- 
geon is  generally  obliged  to  tie  the  vessel  above  the  orifice.  As 
a  temporary  expedient,  the  loss  of  blood  may  be  prevented  by 
making  firm  pressure  upon  the  artery  above  the  wounded  part, — 
that  is,  nearer  the  heart ;  and  many  valuable  lives  have  been 
saved,  by  the  exercise  of  presence  of  mind,  guided  by  a  little 
knowledge.  The  best  means  of  keeping  up  the  requisite  pres- 
sure, until  the  proper  instrument  (the  tourniquet)  can  be  ^ 
plied,  IS  to  lay  over  the  artery  (the  plaee  of  which  may  be  found 
by  its  pulsation)  a  hard  pad,  made  by  tightly  rolling  or  folding 
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a  piece  of  cloth ;  this  pad  and  the  limb  ore  then  to  be  eocircled 
by  a  budage,  by  which  the  pressure  is  maintained ;  and  tliii 
bandage  may  he  tightened  to  any  required  degree,  by  twjeting  it 
with  a  ruler  or  piece  of  etick.  Thus  a  can§tant  pressure  may  be 
exercised  npon  the  artery,  which  will  he  generally  sufficient  to 
control  the  bleeding  from  it.  Bat  there  are,  unfortunately, 
many  cases  in  whicli  pressure  of  this  kind  cannot  be  applied  ; 
as  for  instance  when  the  femoral  artery  is  wounded  liigh  np  in 
the  thigh,  or  the  carotid  artery  in  the  neck.  And  nothing  else 
can  then  be  done,  but  to  compress  the  artery  with  the  thumb,  or 
with  some  round  hard  auhstance  (such  as  the  handle  of  an  awl), 
until  proper  asnstance  can  be  obtained. 

279.  We  return  from  this  digresaion  (the  important  practical 
bearing  of  which  may  be  its  excuse)  to  the  consideration  of  the 
forces  by  which  the  blood  is  moved  in  •> 

the  veins.      These  vessels  contain  a 
great   namber  of  valet*,    which   are 
formed,  like  the  semilunar  valves  of 
the  aorta  (§.  273),  by  a  doubling  of 
Uieir  lining  membrane.     Their  ritu-    ^ 
ation  may   be  known   by  the   little 
dilatations  which  the  veins  exhibit  at 
the    points  where   they   occur ;  and 
which  are  very  obvious  in  the  arm  of 
a  person  not  too  fat,  when  it  is  encir- 
cled  by  a  bandage  that  causes  dis- 
tention of  the  superficial  veins.     The  "'  '*'— ^'''"'  "'"  "■"■ 
•tnictnre  of  these  valves  is  seen  at  h  b.  Fig.  122 ;  they  consist  of 
pocket-like  folds  of  the  lining  membrane,  which  allow  the  blood 
free  passagb  aa  it  flows  towards  the  heart,  but  check  its  reflnx 
into  tfae  arteries.     Hence  it  follows  that,  every  time  pressure  is 
made  npon  the  veins,  it  vrill  force  towards  the  heart  a  portion  of 
the  blood  they  contain,  since  it  cannot  be  driven  in  a  contrary 
direction.     Now,  from  the  manner  in  which  the  veins  are  dis- 
tributed, tome  of  them  must  be  compressed  by  almost  every 
mnscnlar  movement ;  these  vrill  become  refilled  as  soon  as  the 
mnscles  relax  j  and  they  will  be  again  pressed  on,  when  the 
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morement  is  repeated.  Hence  a  succession  of  mnsciilar  move- 
ments will  act  the  part  of  a  difftued  hearty  over  the  whole  of  the 
venous  system,  and  will  Tory  much  aid  the  flow  of  blood  thioogfa 
its  tubes.  It  is  partly  in  this  manner  that  exercise  increases  the 
rapidity  of  the  circulation.  If  the  blood  is  brought  to  the  heart 
by  the  great  veins  more  rapidly  than  usual,  the  heart  most  go 
through  it9  operations  more  rapidly,  in  order  to  dispose  of  the 
fluid ;  and  if  these  actions  be  impeded,  great  danger  of  their 
entire  cessation  may  exist.  Hence  the  importance  of  bodily 
tranquillity  to  those  afiected  with  diseases  of  the  heart  and  lungs. 
A  sudden  change  of  position,  from  sitting  or  lying,  to  standmg, 
has  produced  immediate  death,  in  numerous  instiuices. 

280.  Besides  the  aid  thus  afforded  to  the  venous  circulation, 
it  is  probable  that  there  is  another  cause  of  the  motion  of  the 
blood  in  them,  which  is  independent  of  the  action  of  the  heart 
and  of  the  arteries.  Many  facts  lead  to  the  belief,  that  a  new 
force  is  produced,  while  the  blood  is  flowing  through  the  capil- 
lary vessels ; — a  force  which  may,  in  some  instances,  maintain 
the  circulation  by  itself  alone.  Thus  in  the  capillary  system  of 
Plants,  no  mechanical  force  can  be  seen  to  have  any  share  in  the 
production  of  the  constant  and  regular  flow  of  fluid  through  its 
network.  In  the  lowest  Animals  also,  the  heart  seems  too  feeble 
and  imperfect  to  maintain  the  circulation,  which  must  partly 
depend  upon  some  other  influence ;  and  even  in  the  highest, 
there  is  evidence  that  the  movement  of  blood  in  the  capillaries 
may  continue  for  a  time,  after  the  action  of  the  heart  and  of  the 
arteries  has  ceased  to  affect  it.*  This  movement  seems  intimately 
connected  with  the  changes  to  which  the  blood  is  subservient  in 
the  capillaries ;  for  if  these  be  checked,  not  eyen  the  hearths 
action  can  propel  the  blood  through  them,  although  no  mecha- 
nical obstruction  exists.  Thus,  when  the  admission  of  air  to  the 
lungs  is  prevented,  the  blood  will  not  pass  through  the  pul- 
monary capillaries,  since  it  cannot  undergo  the  change  which 
ought  to  be  performed  there ;  and  it  therefore  accumulates  in 

*  For  a  full  conaidentioD  of  this  quMtioD,  we  the  Aulhor'i  Priociplei  of 
Genewl  aod  CompantiTO  Physiology  (2nd  edition),  §$.  369—872  ;  and  Prindpl«f 
of  Hantan  Phytiology,  §§.  505— .512, 
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the  pulmonary  artery,  the  right  side  of  the  heart,  and  the 
Tenons  Bystem ;  and  if  no  relief  be  afforded,  by  the  admission  of 
air  into  the  Inngs,  the  whole  circulation  is  thus  brought  to  a  stand. 
This  condition,  which  is  termed  Asphyxia^  occurs  in  drowning, 
hanging,  and  other  forms  of  suffocation. 

C&une  o/ths  Blood  in  the  different  CUmet  of  Animals. 
281.  The  Circulation  of  the  Blood  takes  place  on  the  same 
plan,  in  Man,  in  all  other  Mammalia,  and  in  Birds.  In  all 
the  animals  included  in  these  groups,  the  heart  is  composed  of 
two  halves  quite  distinct  from  each  other,  and  each  possessing 
an  auride  or  receiving  cavity,  and  a  ventricle  or  propelling 
cavity.  The  vence  cav»  bring  the  venous  blood  from  the  system 
into  the  right  auricle^  whence  it  passes  into  the  right  ventricle. 
By  the  contraction  of  the  latter  it  is  forced  into  the  pulmonary 
artery,  and  is  carried  by  it  to  be  exposed  to  the  renewing  influ- 
ence of  the  air  in  the  lungs.  Returning  by  the  pulmonary  vein 
in  the  state  of  arterial  blood,  it  is  received  into  the  left  auricle  ; 
and  having  passed  from  this  into  the  left  ventricle,  it  is  propelled 
by  its  contraction  into  the  aorta,  which  conveys  it  by  its  subdi- 
visions into  all  the  capillaries  of  the  system ;  whence  it  returns 
to  the  heart  by  the  systemic  veins,  the  venad  cavsB.  Hence  it  is 
evident,  that  every  drop  of  blood  which  has  passed  through  the 
capillaries  of  the  system,  must  be  transmitted  to  the  lungs,  before 
it  is  allowed  again  to  enter  the  aorta ;  and  the  whole  mass  of  the 
blood  must  pass  thus  through  the  heart,  before  any  part  of  it  can 
be  transmitted  a  second  time  to  the  vessels  from  which  it  was 
before  returned.  The  two  sides  of  the  heart  do  not  possess, 
when  that  organ  is  perfectly  formed,  any  communication  with 
each  other,  except  through  the  pulmonary  vessels ;  and  thus 
they  might  be  regarded  as  two  distinct  organs,  united  for  the 
sake  of  convenience.  The  right  side  of  the  heart,  being  placed 
at  the  origin  of  the  pulmonary  artery,  and  having  for  its  office  to 
propel  the  blood  tlirough  the  lungs,  so  as  to  receive  the  influence 
of  the  air,  may  be  called  the  respirtttory  heart :  whilst  the  left 
side,  which  is  placed  at  the  origin  of  the  aorta,  and  has  to  pro- 
pel the  blood  to  the  body  in  general,  may  be  called  the  si/stemic 
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hurt.     The  circalatioa  would  be  performod  preciaely  in  the 


PulmonrT. 
Rtihti 


Fie.  113.— CiKvuTion  m  Uuiiuut  ahd  Bum. 

Hime  manner,  if  these  two  organs  were  quite  diatiact  from  each 
other  ;  and  ia  fact  they  are  almost  so  in  the  Dugong,  one  of  the 


Blnfle  Tntriol*. 


B  Whales  (See  Zoology).      Moreover  in  the  lower 
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tribei  of  animals  we  Bball  preaentlj' find  tbat  there  is  but  i>  tingle. 


i  double,  heart ;  and  that  the  organ  which  is  absent  ii 
the  syatemic,  and  sometimes  the  respiratory  heart. 
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282.  The  coarse  of  the  blood  in  Mammalia  and  Birds,  which 
are  said  to  have  a  complete  dottble  circulation^  is  shown  by  the 
diagram  (Fig.  123).  The  vessels  and  cavities  of  the  heart  which 
contain  venous  blood  are  shaded ;  whilst  those  which  convey 
arterial  blood  are  left  white  :  and  this  distinction  is  kept  up  in 
the  other  figures.  The  direction  of  the  blood  is  indicated  by 
the  arrows.-^! t  must  not  be  supposed ,  from  this  account  of  the 
progressive  course  of  the  blood  through  the  different  vessels  and 
cavities,  that  the  action  of  the  left  side  of  the  heart  takes  pUu:e 
at  a  different  time  from  that  of  the  right,  in  consequence  of  its 
receiving  the  blood  after  it  has  passed  through  the  latter ;  for,  as 
already  stated,  the  two  ventricles  really  contract  at  the  same 
time.  But  the  left  ventricle  contracts  upon  blood,  which  had 
been  sent  by  the  left  into  the  lungs  some  seconds  before ;  whilst 
the  right  is  transmitting  a  fresh  quantity,  which  it  has  jiiFt 
received  from  the  system.  The  amount  of  blood  sent  out  from 
either  ventricle  at  each  contraction,  in  a  middle-sized  man,  seldom 
exceeds  2  ounces;  but  the  whole  quantity  of  blood  contained  in 
the  body  is  not  less  than  28  lbs. :  hence,  it  would  require  224 
contractions  of  the  heart  to  propel  the  whole  of  this  blood 
through  the  body,  and  these  (at  the  ordinary  rapidity)  would 
occupy  about  three  minutes.  But  there  is  reason  to  think  that 
the  flow  of  the  blood  through  the  body  is  much  more  rapid  than 
this ;  and  if  such  be  the  case,  it  is  another  argument  for  the  exist- 
ence of  an  auxiliary  power  in  the  capillary  vessels  (§.  280).  It 
has  been  calculated,  from  recent  experiments,  that  the  usual  force 
of  the  heart  in  man  would  sustain  a  column  of  blood  about  7 
feet  2  inches  high,  the  weight  of  which  would  be  about  4  lbs. 
3  oz.  on  every  square  inch.  The  backward  pressure  of  this 
column  upon  the  walb  of  the  heart,  or  in  other  words,  the  force 
which  they  have  to  overcome  in  propelling  the  blood  into  tlie 
aorta,  is  estimated  at  about  13  lbs. 

283.  Previously  to  birth,  when  the  lungs  are  not  yet  dis- 
tended with  lur,  and  the  aeration  of  the  blood  is  provided  for  in 
other  ways,  the  circulation  takes  place  on  a  difierent  plan  from 
that  on  which  it  is  afterwards  performed.  There  exists  at  that 
period  an  opening  in  the  partition  between  the  two  auricles,  by 
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which  they  have  a  firee  communication  ;  and  there  is  also  a  large 
trunk  which  passes  from  the  right  Tentricle  into  the  aorta.  By 
these  channels,  the  blood  which  is  received  from  the  systemic 
Teins  can  pass  at  once  into  the  aorta,  without  going  through  the 
pulmonary  vessels.  But  when  the  young  animal  begins  to 
breathe,  these  communications  are  speedily  obliterated  ;  the  blood 
is  transmitted  through  the  pulmonary  vessels  to  the  lungs ;  and 
the  whole  circulation  takes  place  upon  the  plan  just  described. 
There  are  occasional  instances,  however,  in  which  the  communi- 
cation between  the  auricles  remains  open,  so  that  the  double  cir- 
cnktion  is  never  perfectly  established  ;  for  a  portion  of  the  blood 
is  allowed  to  pass  from  the  right  to  the  left  side  of  the  heart, 
without  being  aerated  in  the  lungs ;  and  the  blood  which  is  sent 
to  the  system  contains,  therefore,  a  mixture  of  venous  with  the 
proper  arterial  fluid, — a  state  which  will  be  presently  seen  to  be 
natural  in  the  Reptile.  Such  cases  are  recognised  by  the  blne- 
nesB  of  the  skin,  the  lividity  of  the  lips,  and  the  indisposition  to 
bodily  or  mental  exertion.  Persons  affected  with  this  malfor- 
mation seldom  reach  adult  age. 

284.  In  the  class  of  Reptiles,  there  is  not  a  complete  double 
circnlation ;  for  a  mixture  of  arterial  and  venous  blood  is  sent 
alike  to  the  lungs  and  to  the  general  system ;  and  no  part  is 
supplied  with  the  pure  arterialised  fluid.  In  general  the  heart 
contains  only  three   cavities,   two  auricles  and    one  ventricle 


Pnlmonaiy  artaty  — ^  ^^ 

Pnlmonaiy  rein  **^&^ 
Right  aniiole    ■ --*--^ 

i 

^^^^^  PnliDooary  artery 
J^^"'*-  Left  auricle 

▼  eOft  CSTR  »— — — — ^ 

Right  aorta 

^              Single  yentrlole 

"■""~  Ventral  aorta 

FlO.   127.— HSAHT  OW  TORTOMS. 


(Fig.  127).  One  of  the  auricles  receives  the  venous  blood  from  the 
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afwbem  ;  whikt  ike  otiier  reeeiTn  the  arteiuliaed  Uood  from  tha 
InBgK.     Both  thcK  pour  thmr  contents  into  the  nme  ventricle. 


m  or  LiHU. 
led  together ;  and  thii  mingled  blood  ii 
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transmitted,  by  the  contraction  of  the  Tentricle,  partly  into  the 
lungs,  and  partly  into  the  aorta  (Fig.  124).  In  some  Reptiles 
ihere  is  a  partial  division  of  the  ventricle,  so  that  the  mixture  of 
the  arterial  and  venous  blood  is  not  complete ;  and  whilst  the 
blood  transmitted  to  the  lungs  is  ckufly  that  which  has  returned 
from  the  systemic  veins,  the  blood  which  enters  the  aorta  for  the 
supply  of  the  system  is  chiefly  that  which  has  returned  from  the 
lungs  in  an  arterialised  state.  Hence  such  animals  have  a  circu- 
lation which  approaches  very  closely  to  that  of  Mammalia  and 
Birds ;  and  it  is  among  them  that  we  find  the  greatest  vigour 
and  activity  in  this  generally  inert  and  sluggish  class. 

285.  The  general  arrangement  of  the  blood-vessels  in  Rep- 
tiles is  shown  in  Fig.  128.  It  is  seen  that  the  aorta,  soon  after 
its  origin,  divides  into  three  arches  on  either  side ;  and  that  these, 
after  sending  off  branches  to  the  head  and  to  the  lungs,  reunite 
into  a  single  trunk,  which  corresponds  exactly  with  the  aorta  of 
the  higher  animals.  Tliese  arches  are  in  fact  the  remains  of  a 
set  of  vessels,  which  will  be  found  to  be  of  the  highest  import- 
ance in  Fishes,  being  there  subservient  to  the  aeration  of  the 
blood :  in  the  true  Reptiles,  however,  they  are  never  concerned 
in  this  function,  but  they  still  remain,  as  if  to  show  the  unity  of 
the  plan  on  which  this  apparatus  is  formed.  Precisely  the  same 
arrangement  of  the  vessels  may  be  seen  in  Birds  and  Mammalia, 
at  an  early  period  of  their  development ;  but  it  afterwards  un- 
dergoes considerable  changes,  by  the  obliteration  of  several  of 
the  arches;  for  of  the  four  pairs  which  may  be  seen  at  one 
period,  a  single  branch  only  remains  on  either  side ;  and  one  of 
these  becomes  the  permanent  arch  of  the  aorta,  whilst  the  other 
becomes  the  permanent  pulmonary  artery. 

286.  In  the  class  of  Fishes,  the  circulating  apparatus  is  still 
more  simple.  The  heart  only  possesses  two  cavities,  an  auricle 
and  a  ventricle.  It  is  placed  at  the  origin  of  the  vessels  which 
are  concerned  in  the  aeration  of  the  blood  ;  and  it  receives  and 
transmits  venous  blood  only ;  hence  it  is  analogous  to  the  right 
mde,  or  respiratory  heart,  of  Birds  and  Mammalia.  The  venous 
blood,  which  is  brought  to  it  by  the  systemic  veins,  is  trans- 
mitted by  its  ventricle  into  a  trunk,  which  subdivides  into  four 
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or  fire  pairs  of  branchea  or  anAm  (Fig.  129).  These  branches 
run  along  th*  Cringes  which  form  the  ffili*  of  the  Rah,  and  send  a 
minute  vessel  into  ererj  one  of  their  filaments  (§.  312),  Whilst 
psasing  throngh  this  tcsmI,  the  blood  is  snbmitted  to  the  infloenoe 


Pin.  IflSL— CnKTDLATIl 


of  the  air  diffused  throngh  the  water,  to  which  the  gills  an  tntAy 
exposed,  and  is  thus  aerated ;  and  it  is  then  collected  from  ttte 
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seTend  filaments  and  fringes,  into  a  single  large  trunk,  analo- 
gous to  the  aorta  of  the  higher  animals,  by  which  the  whole  body 
b  snpplied  with  arterialised  blood.  After  circulating  through 
the  system,  the  blood  returns  to  the  heart  in  a  venous  condition, 
and  again  goes  through  the  same  course.  This  course  is  repre- 
sented in  a  simple  form  in  the  diagram,  Fig.  125  ;  and  it  will  be 
seen  on  a  little  consideration,  that  it  does  not  differ  from  that 
which  exists  in  Animals  with  a  complete  double  circulation,  in 
any  other  essential  particular  than  this — that  there  is  no  sys- 
temic heart  to  receive  the  blood  from  the  gills  or  aerating  organs, 
^d  to  convey  it  to  the  body  at  large.  But,  though  cUl  the  blood 
most  necessarily  pass  through  the  gills  before  it  can  again  pro- 
ceed to  the  body,  it  does  not  follow  that  the  blood  should  be  as 
completely  aerated  as  in  Reptiles,  in  whose  circulation  there  is  a 
mixture  of  venous  and  arterial  blood ;  for  the  exposure  of  the 
blood  to  the  small  quantity  of  air  which  is  diffused  through 
water  is  not  nearly  so  effectual  as  its  direct  exposure  to  air. 

287.  Tliere  is  a  group  of  animals  which  forms  the  transition 
between  Fishes  and  Reptiles ;  some  of  them  being  Fishes  at  one 
port  of  their  lives,  and  Reptiles  at  another ;  whilst  others  remain, 
during  their  whole  lives,  in  a  condition  intermediate  between 
the  two  groups  (§.  95.)  Of  this  group,  the  common  Fro^  is  a 
familiar  example.  In  the  Tadpole  state,  it  is  essentially  a  Fish, 
breathing  by  means  of  gills,  and  having  its  circulation  upon  a 
corresponding  plan ;  bu^  after  it  has  gone  through  its  meta- 
morphoses, it  breathes  by  lungs,  its  heart  acquires  an  additional 
auricle,  and  the  whole  plan  of  the  circulation  is  changed,  so  as  to 
become  conformable  to  that  of  the  true  Reptile.  This  process 
takes  place,  not  suddenly,  but  by  progressive  stages;  and  as 
these  are  extremely  interesting,  they  will  be  now  briefly  described. 
In  Fig.  130  we  have  a  representation  of  the  circulating  appara- 
tus of  the  Tadpole  in  its  fish-like  condition.  At  a  is  seen  the 
large  trunk  which  issues  from  the  ventricle,  forming  a  bulbous 
^argement  like  that  which  is  seen  in  the  corresponding  part  of 
the  Fish.  From  this  enlargement  proceed  three  trunks  on  each 
ride,  which  convey  the  blood  to  the  gills  or  hranehicBy  and  are 
called  the  branchial  arteries  {br\  br^,  br)  ;  and  after   being 
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ursted  by  pMsing  throngh  their  filaments,  it  is  collected  by  the 
bntDchud  Ytaoa  (vb,  vb).     Of  these,  the  firat  pair  trftnemits  ita 


blood  by  the  Teasels  o,  o,  I,  (which  »re  also  formed  in  part  hy  the 
second  pair)  to  the  head  and  upper  extreinitiex ;  whilst  the 
greater  part  of  the  blood  of  the  second  pair,  with  the  whole  of 
that  of  the  third,  is  discharged  into  the  trunk  c  <  n  eitlter  side. 
By  the  union  of  that  vessel  with  its  fellow,  the  trnnlc  a  t>  is 
formed ;  which  conveys  the  blood  that  baa  been  aerated  in 
the  gills,  to  the  general  system,  and  is  thus  to  be  evidently 
regarded  as  the  aorta.  But  we  find  here  three  small  vesseb  (1, 
2,  and  3),  which  do  not  exist  in  the  Fish ;  and  which  establish  a 
coromnnication  between  the  bronchial  arteries  and  the  bronchial 
veins,  in  such  a  manner,  tliat  the  blood  may  pass  from  the 
former  into  the  latter,  without  going  through  the  filam^ts  of 
the  gills.  These  communicating  vessels  are  very  small  in  the 
Tadpole,  and  scarcely  any  blood  passes  through  them  ;  but  it  is 
chiefly  by  their  enlargement,  that  the  coutae  of  the  blood  is 
subsequently  altered.  There  is  also  a  fourth  branch,  a  p,  which 
proceeds  to  the  Inngs  on  either  side  ;  and  as  these  organs  are  not 
yet  developed,  this  pulmonary  artery  also  is  at  first  of  very  small 
■ise. 

288.  As  the  metamorphosis  of  the  other  parts  proceeds, 
however,  and  the  animal  is  being  prepared  for  its  new  mode  of 
life,  the  lungs  are  gradually  developed,  and  the  pulmonary  artery 
greatly  increases  in  siie  ;  whilst  the  gills,  on  the  other  hand,  do 
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not  continne  to  grow  with  the  animal,  but  rather  Bhrink,  from 
the  dimiaiahed  snpplj  of  blood  which  they  receive.  Pot,  during 
this  period,  the  coannnnicating  brancbea  increase  in  size ;  so  that 


a  conndenble  part  of  the  blood  which  has  been  transmitted  into 
the  branchial  arteries  passes  at  once  into  the  veins,  and  tlience 
into  the  aorta,  withont  being  made  to  traverse  the  gills ;  its 
aeration  being  partly  accomplished  by  the  lungs.  This  state  of 
things  is  seen  in  Fig.  1-31 ;  where  a  p,  a  p  exv  the  enlarged 
pulmonary    arteries ;     and  „  , , 

where  the  communicating 
braDches  are  seen  almost  to 
form  ttie  natural  continua-  ^^ , 
tions  or  the  branchial  ar- 
teries. A  condition  of  this 
kind  exists  permanently  in  ^^  ^ 
those  Animals  which  retain 
their  gills  during  their 
whole  lives,  and  have  the 
lungs  imperfectly  developed 

(*.  »7). 

289.      When  the  meta- 
morphosis is  complete,  the  "''  "''  "'' 
branchial  vessels  altogether              ~  "    "".inTHirtw 
disappear,  but  the  arcMistill  remain,  as  nhown  in  Fig.  132     The 
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£rst  of  theee  arches  sappliea  the  venels  of  the  heftd,  1 1 ;  which 
also,  howerer,  receivra  a  branch  o  from  the  second  trch.  The 
second  arch,  after  giving  off  that  branch,  nnitea  with  its  fellow 
to  form  the  aortic  trunk  a  v.  The  third  arch  has  completely 
shriveUed  np.  And  the  fourth  arch  or  pulmonary  artery  hu 
DOT  attained  its  full  size,  and  is  become  the  sole  channel  through 
which  the  aeration  of  the  blood  is  effected. 

290.     In  the  greater  part  of  the  Mollubua,  the  circulation 

takes  place  nearly  on  the  same  general  plan  as  in  Fiahes;  the 

heart  having  two  cavities,  and  the  whole  of  the  blood  traver«Dg 

both  the  respiratory  and  the  syetemic  capillaries,  between  each 

time  of  ita  leaving  the  heart  and  returning  to  it  again.     But 

this  heart  is  tyUtmie,  and  not  pulmonary;  for  it  receives  the 

arterial  blood  firom  the  giUs,  and  tranemita  it  to  the  great  sya- 

temio  artery ;  and  after  the  blood  has  been  rendered  venous  by  its 

passage  tbrangh  the  capillaries  of  the  body,  it  enters  the  vessels 

which  distribute  it  to  the  gills,  before  being  agun  subjected  to  the 

action  of  the  heart.     The  accompanying  figure  of  the  circnlation 

in  the  Ditrit  (a  kind  of  sea 

slug)  will  serve  to  show  the 

general  distribution   of  the 

vessels  in  this  group.    The 

heart  consists  of  a  ventricle 

a,  whence  issues  the  main 

artery  b;  and  of  a  ringle  or 

double  auricle  c,  in  which 

terminate  the  veins,    d,  of 

the  branchial    apparatus  «. 

The    aerated   blood    which 

these  convey  to  the  heart, 

is  transmitted  by  it,  throngh 

the  artery  b,  to  the  system 

at  large ;  and  from  this  it  is 

collected,  in  the  state  of  ve- 

■^    .^    ^^  .  ■_      nous   blood,   by    the    veins 

which  terminate  in  the  latge 
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trunk//.  By  tliis  trunk  it  is  distributed  to  the  gills  «,-  and 
thenca  returns  to  the  heart,  after  it  has  undergone  aeration. 
Now  if  a  second  heart  bad  been  placed  on  the  trunk//,  just  as 
it  is  about  to  subdivide  for  the  distribution  of  the  blood  to  the 
gilla,  the  circulation  would  have  been  analogous  to  that  of 
Birds  and  Mammalia.  Tbere  is  great  variety  in  the  pontion 
of  the  gills  in  Mollnscons  animals,  and  a  corresponding  variety  in 
the  «tnation  of  the  heart,  which  is  usually  placed  near  thero. 
In  the  Doris  the  gills  are  arranged  in  a  circular  form,  round 
the  termination  of  the  intestinal  canal ;  but  in  many  MoUnsca 
they  form  straight  rows  of  fringes  on  the  two  sides  of  the  body. 
In  these  last,  the  heart  not  unfrequently  has  two  auricles ;  bnt 
these  are  not  analogous  to  the  two  auricles  of  Reptiles ;  for 
each  has  the  same  function  with  the  other — the  reception  of 
the  blood  from  the  gills  of  its  own  side. 
291.     There  is  a  very  interesting  varietyin  the  conformation 


Fio.  IM— CiKvUTiin  APFiiuiu*  or  Cvmi-nui. 

of  the  heart  in  the  Cephalopoda,  or  Cuitle-Jith  tribe  ;  which 
seems  to  form  a  connecting  link  between  the  plan  of  the  circu- 


IN    MOLLDSCA. 

latiou  tbat  preruls  among  the  MoUiUca  in  general,  and  that 
which  we  have  seen  in  the  cUee  of  Fibhe«.  The  auricle  and 
ventricle  of  the  heart  are  separated  from  eooh  other ;  and  whilst 
the  latter  remains  in  the  position  just  described,  the  auricle 
occupies  the  place  which  the  whole  heart  poaseaseB  in  the  class 
above.  The  course  of  the  blood  in  theae  ammals  is  shown  in 
Fig.  134 ;  where  c  represents  the  ventricle  or  systemic  heart,  from 
which  arises  the  aorta  a,  a,  at,  at,  that  supplies  the  body  with 
arterial  blood.  The  venous  blood  is  returned  through  the  great 
vein  e  e,  covered  vrith  a  curioos  spongy  mass  e  *,  the  use  of  which 
is  not  known ;  this  also  rec^ves  the  blood  from  the  intestinal 
veins  e  c ;  and  it  divides  into  two  trunks  which  convey  the 
blood  to  the  gills  or  branchin  {br  and  ^r"),  wbere  it  undergoes 
aeration.  On  each  of  these  trunks  is  an  enlargement,  eb, 
which  has  the  power  of  contracting  and  dilating,  and  thus  of 
assisting  the  transmission  of  the  blood  through  the  arteries  of  the 
gills,  ab.  The  blood  is  returned  to  the  ventricle  by  the  branchial 
veins,  e  h,  on  each  of  which  there  is  another  dilatation,  bu,  which 
might  be  regarded  aa  analogous  to  the  auricle  of  the  other  Hol- 
lasca,  but  is  not  muscular.  Thus  in  the  Cuttle-fish,  the  blood 
receives  an  impulse  fmm  the  systemic  heart,  when  it  is  trans- 
mitted into  the  main  artery;  and  when  it  returns  by  the  sy^ 
temic  Teina,  it  receives  another  impulse  from  the  branchial 
hearts,  before  it  passes  through  the  gills ; — an  arrangement 
obviously  analogous  to  that  which  we  meet  with  in  tlie  highest 
Vertebrata. 

292.     In  the  Crab  and  Lob*Ur,  and  other  animals  of  the  class 


CIRCULATION    IN   CRUSTACEA. 


231 


b    ve     e    f  vh 


Crustacea,  the  blood  for  the  most  part  follows  the  same  course 
as  in  the  MoUusca;  excepting  that  the  heart  contains  but  a 
single  cavity ;  and  that  there  are  no  distinct  vessels  for  veins, 
these  being  replaced  by  irregular  channels  which  are  excavated 
in  the  tissues,  and  which  present  occasional  enlargements,  termed 
venous  sinuses.  The  arrangement  of  the  circulating  apparatus 
of  a  lobster  is  seen  in  Fig.  135,  in  which  a  is  the  heart ;  h  and  c 
the  arteries  to  the  eyes  and  antennas  ;  dy  the  hepatic  artery ;  and 
e  and/,  the  arteries  which  supply  the  thorax  and  abdomen.  The 
blood  that  has  been  propelled  through  these  by  the  action  of  the 
heart,  finds  its  way  into  the  great  venous  sinus  gg^  which  receives 
the  fluid  collected  from  all  parts  of  the  body ;  from  this  it  passes 
to  the  gills,  h ;  and  thence  it  is  returned  to  the  heart  by  the 
branchial  veins,  t.  Another  view  of  a  portion  of  the  circulating 
apparatus  is  given  in 
Fig.  136,  which  repre- 
sents a  transverse  sec- 
tion of  it  in  the  region 
of  the  heart,  with  one 
pair  of  gills.  The  heart 
is  seen  at  ci  and  from 
its  under  side  proceeds 
one  of  the  arterial  trunks, 
which  conveys  the  blood 
to  the  system.  Returning 
thence,  the  blood  enters  the  venous  sinus  «,  which  has  an  enlarge- 
ment at  the  base  of  each  gill ;  and  this  seems  to  act  the  part  of  a 
branchial  heart,  like  the  corresponding  enlargement  on  fche 
branchial  vessels  of  the  Cuttle-fish.  From  this  cavity,  it  is 
carried  by  the  vessel  va  into  the  branchias  h ;  and  after  it  has 
passed  through  the  capillaries  of  the  gill-filaments,  it  is  collected 
by  the  vessels  ve^  which  carry  it  to  the  branchial  veins,  vhy  and 
thence  to  the  heart.  The  general  plan  of  the  circulation  in  this 
class  is  shown  in  Fig.  126. 

293.  In  the  class  of  Insects,  we  seem  to  lose  all  trace  of 
distinct  vessels  for  the  conveyance  of  the  blood.  Neither  arteries 
nor  veins  can  be  detected;  but  the  nutritive  fluid  is  diffused 


va 


at    ct 


Fio.  136. 


CIBCDLATION   1 


tbrougli  tbe  cliannels  or  iuteratices  that  exiat  among  tlie  differeot 
oigaiis.     Nuvertheless,  it  has  a  tolerably  regular  oirculatioD  i  and 


^^^ 


the  orgaD  by  which  this  movement  ia  chiefly  eflfected  is  a  long 
tube,  termed  tlie  dortal  vettel,  which  Menu  to  propel  it  forwards, 
whilst  other  trunks  ou  the  two  aides  convey  it  backwards.  The 
dorsal  Teseel,  Been  at  a,  is  a  membrauous  tube  lying  along  the 
back  of  the  insect,  and  partly  divided  into  several  cemportments 
by  incomplete  valvular  partitions,  which  bear  no  inconsiderable 
resemblance  to  the  valves  of  veins.  By  the  successive  contraction 
of  these  different  porUoDS,  the  blood,  which  entered  at  the  poste- 
rior extremity  of  tbe  dorsal  vessel,  ia  gradually  propelled  for- 
wards ;  and  wheu  it  arrives  at  the  front  of  the  body,  it  passes 
out  by  a  series  of  canals,  some  of  which  convey  it  to  the  head, 
whilst  others  pass  sideways  and  bnclcwards  for  tbe  supply  of  the 
body,  with  its  appendages,  the  legs  and  wings.  Oa  returning 
from  these  parts,  it  re-enters  the  posterior  end  of  the  dorsal 
vessel.  It  is  to  be  remarked  that  in  Insects  no  special  airange- 
ment  of  vessels  for  the  aeration  of  the  blood  is  required ;  since 
this  aeration  is  accomplished  by  the  conveyance  of  air,  by  means 
of  minute  air-tubea,  into  every  part  of  tbe  body,  however  small 
C5.  320)  J  a  mode  of  respiration  different  from  any  that  we  notice 
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eke  where.  A  very  amilar  arrangement  is  met  with  in  the 
Spider  tribe ;  but  as  the  body  is  not  so 
long,  the  dorsal  yessel  is  less  extended 
in  length,  and  is  of  larger  diameter. 
This  is  seen  in  Fig.  138 ;  where  a  re- 
presents the  abdomen  of  the  animal ;  or, 
the  large  dorsal  vessel  or  heart;  c^  a 
trunk  passing  forwards  to  the  head ;  and 
r,  vessels  communicating  with  the  respir- 
atory organs. 

294.  In  the  animals  of  the  Worm 
tribe,  belonging  to  the  class  Annelida, 
there  is  a  general  similarity  in  the  course 
of  the  blood  to  that  which  prevails  in  Pio.  iss^Doraal  vbmil  or 
Insects ;  but  as  the  respiration  is  ac-  Spn>«iL 
complished  by  means  of  special  organs,  which  are  sometimes 
diffused  along  the  entire  body,  and  sometimes  restricted  to  one 
part  of  it  (§.  115),  there  is  considerable  variety  in  the  provisions 
for  submitting  the  blood  to  the  influence  of  the  air;  and  as 
these  are  rather  curious  than  interesting,  they  will  not  be  here 
described.*  It  seems  probable  that,  in  some  at  least  of  this 
cla88>  the  blood  does  not  always  flow  through  the  vessels  in  the 
same  direction,  but  that  its  course  is  occasionally  changed.  Such 
a  change  occurs  in  the  lowest  group  of  MoUusca,  the  Tunicata; 
and  also  in  Zoophytes. 

295.  In  the  animals  of  the  class  Echinodermata,  the  Star- 
/Uk,  Sea-urehiny  &c.,  there  seems  to  be  a  regular  circulation  of 

nutritious  fluid  carried  on  through  distinct  vessels,  but  without 
any  definite  heart.  The  only  trace,  indeed,  of  anything  like  a 
propelling  organ  is  an  enlargement  of  one  of  the  tnmks,  which 
jpulmUet  with  tolerable  regularity ;  but  this  would  not  seem  to 
have  force  enough  to  propel  the  fluid  through  a  complex  system 
of  vessels  ;  and  the  circulation  seems  to  be  carried  on  chiefly  by 
some  force  produced  in  the  capillaries,  as  in  plants  (§.  280). 

296.  This  is  still  more  evidently  the  case  in  the  animals  that 

*  For  a  fall  account  of  them,  ace  the  Author's  Principles  of  General  and  Com- 
parative Phjeiology.  $.  345—350. 
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unite  into  those  remarkable  compound  structures,  which  we  tenn 
Zoophytes.  Even  in  the  thin  walls  of  the  body  of  the  Hydra, 
and  of  the  polypes  resembling  it  in  structure,  and  also  in  the 
arms,  a  movement  of  fluid  takes  place,  through  channels  which 
seem  excavated  in  the  soft  tissue.  But  the  most  curious  circu- 
lation is  that  which  is  seen  in  the  stems  and  branches  of  the  Ser- 
tti/aria,  and  some  other  compound  polypes  (§.  131).  When  these 
are  examined  with  a  high  magnifying  power,  a  current  of  fluid 
containing  granular  particles  is  seen  running  along  the  axis ;  and 
this,  after  continuing  one  or  two  minutes  in  the  same  direction, 
changes  and  sets  in  the  opposite  one,  in  which  it  continues  about 
as  long,  and  then  resumes  the  first ; — thus  alternately  flowing 
down  the  stem  to  the  extremities  of  the  branches,  and  back 
again.  The  rapidity  and  constancy  of  these  currents  seem  to 
depend  on  the  activity  of  the  growth  of  the  parts  towards  which 
they  are  directed. 


CHAPTER  VI. 

OF    RESPIRATION. 

297.  We  have  seen  that  arterial  blood,  by  its  action  on  the 
living  tissues,  loses  those  qualities  which  rendered  it  fit  for  the 
maintenance  of  life;  and  that,  after  having  undergone  this 
change,  it  recovers  its  original  properties  by  exposure  to  air. 
This  exposure  is  necessary,  therefore,  to  the  continued  existence 
of  Animals  in  general.  If  we  place  an  animal  under  the  receiver 
of  an  air-pump,  and  exhaust  the  air  either  partially  or  com- 
pletely, a  great  disturbance  soon  takes  place  in  its  various  func- 
tions ;  shortly  afterwards,  the  various  actions  of  life  cease  to  take 
place ;  and  a  state  of  apparent  death  comes  on,  which  speedily 
becomes  real,  if  air  be  not  readmitted.  The  influence  of  air  is 
not  less  necessary  to  Plants  than  to  Animals ;  for  they  also  die 
when  excluded  from  it  (See  Ybqet.  Phys.,  §.  286.  )  :  and  thus 
it  may  be  stated  to  be  a  general  condition,  necessary  for  the  con- 
tinuance of  the  life  of  all  organised  beings. 

298.  At  first  sight  it  might  be  thought  that  Animals  which 
always  live  beneath  the  surface  of  the  water,  such  as  Fishes, 
and  many  Mollusca,  are  removed  from  the  influence  of  the  air ; 
and  that  they  hence  constitute  an  exception  to  this  general  law. 
Bat  this  is  not  the  case ;  for  the  liquid  which  they  inhabit  has 
the  power  of  absorbing,  and  of  holding  dissolved  in  it,  a  certain 
quantity  of  air,  which  they  can  easily  separate,  and  which  is 
sufficient  for  the  maintenance  of  their  life.  They  cannot  exist 
in  water  which  has  been  deprived  of  air  (as  by  boiling,  or  by 
being  placed  under  the  exhausted  receiver  of  an  air-pump)  ;  for 
they  then  become  insensible  and  die,  just  as  do  Mammalia  and 
Birds,  when  they  are  prevented  from  inhaling  air  in  the  ordinary 
manner. 
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299.  The  cbaoges  which  remit  from  the  exposure  of  the 
blood  or  nutritious  fluid  of  Animals  to  the  air,  either  in  the 
atmosphere,  or  through  the  medium  of  water,  form  a  yerj  im- 
portant part  of  their  vital  actions ;  and  the  changes  themseWes, 
together  with  the  various  mechanical  operations  by  which  they 
are  effected,  constitute  the  function  of  Refpiration,  The  nature 
of  these  changes  will  be  first  explained ;  and  the  structure  and 
operations  of  the  organs  by  which  they  are  performed,  will  be 
afterwards  described. 

Nature  of  ike  Changee  eetentuM^  conetUuimg  Betpiraium 

300.  Atmospheric  air,  it  has  been  stated,  is  necessary  to  the 
continued  life  of  all  animals ;  but  this  fluid  is  not  composed  of 
one  element  alone.  By  the  science  of  Chemistry,  it  is  shown  to 
be  a  mixture  of  three  gases  possessing  very  different  properties. 
Besides  the  watery  vapour  with  which  the  atmosphere  is  always 
more  or  less  charged,  the  air  contains  21  parts  in  100  of  oxygen^ 
and  79  parts  of  nitrogen  or  ctzote  ;  with  traces  of  carbonic  add 
gas.  The  question  immediately  presents  itself,  therefore,  whe- 
ther these  gases  have  the  same  action  on  animals ;  or,  if  their 
actions  are  different,  to  which  of  them  specially  belongs  the 
property  of  thus  contributing  to  'the  maintenance  of  life.  This 
question  may  be  decided  by  a  few  simple  experiments.  If  we 
place  a  living  animal  in  a  jar  filled  with  air,  and  cut  off  all  com- 
munication with  the  atmosphere,  it  perishes  by  suffocation  in  a 
longer  or  shorter  time ;  and  the  air  in  the  vessel,  which  has 
thus  lost  the  power  of  maintaining  life,  is  found,  by  chemical 
analysis,  to  have  lost  the  greater  part  of  its  oxygen.  If  we  then 
place  another  animal  in  ajar  filled  with  nitrogen  gas,  it  perishes 
immediately;  whilst  if  we  place  a  third  in  pure  oxygen,  it 
breathes  with  greater  activity  than  in  air,  and  shows  no  sign  of 
suffocation.  It  is  then  evident,  that  it  is  to  the  presence  of 
oxygen  that  atmospheric  air  owes  its  vivifying  properties. 

301.  But  the  change  produced  in  the  atmosphere  by  animal 
respiration  is  not  limited  to  this.  The  oxygen  which  disappears 
is  replaced  by  a  new  gas,  carbonic  acid  ;  which,  instead  of  being 
favourable,  like  the  preceding,  to  the  maintenance  of  life,  causes 
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the  death  of  animalR  which  inhale  it,  eTen  in  small  quantities. 
The  production  of  this  substance  is  an  action  not  less  general  in 
the  Animal  kingdom  than  the  absorption  of  oxygen ;  and  it 
is  in  these  two  changes  that  the  act  of  respiratfon  essentially 
consists. 

302.  The  quantity  of  nitrogen  or  azote  in  the  air  that  has 
been  respired  varies  but  Tory  little ;  and  it  appears  that  the 
principal  use  of  this  gas  is  to  dilute  the  oxygen,  which,  in  a  state 
of  purity,  would  act  too  powerfully  on  the  animal  system,  and 
produce  in  it  a  state  somewhat  resembling  that  of  fever.  It  ap- 
pears, however,  that  there  is  a  continual  absorption  of  nitrogen 
by  the  blood ;  and  as  continual  an  exhalation  of  it :  and  this  may 
be  shown  to  be  a  necessary  result  of  the  laws  regulating  the  dif- 
fusion of  gases,  by  which  the  interchange  of  elements  between 
the  air  and  the  blood  is  regulated.  (See  Mechanical  Philo- 
sophy, §.  41.)  When  the  quantity  exhaled,  and  the  amount 
absorbed,  are  equal  or  nearly  so  (which  is  usually  the  case),  no 
change  manifests  itself  in  the  air  which  has  been  breathed ;  when 
the  quantity  absorbed  is  the  greater,  there  is  a  diminution  in 
that  which  the  respired  air  contains ;  and  when  the  quantity 
exhaled  is  the  greater,  there  is  a  corresponding  increase. 

303.  The  differences  in  the  character  of  the  blood  which 
are  produced  by  its  exposure  to  the  air  have  already  been  no- 
ticed (§.  227)  ;  and  we  now  see  that  they  are  essentially  due 
to  the  absorption  of  oxygen,  and  the  setting-free  of  carbonic 
acid.  The  same  change  will  take  place  out  of  the  living  body  as 
well  as  in  it ;  provided  that  the  blood  can  be  exposed  as  com- 
pletely to  the  influence  of  the  atmosphere.  When  blood  is 
drawn  from  a  vein  into  a  basin  or  cup,  the  dark  hue  of  the  sur- 
face is  usually  seen  to  undergo  a  rapid  change,  so  as  to  present 
the  arterial  tint ;  but  this  change  is  confined  to  the  upper  sur- 
face, because  it  alone  is  exposed  to  the  influence  of  the  atmosphere. 
The  alteration  takes  place  still  more  rapidly  and  completely 
if  the  blood  be  exposed  to  pure  oxygen  gas ;  but  even  then  it  is 
almost  confined  to  the  surface.  It  is  not  prevented,  even  though 
the  direct  communication  between  the  two  be  cut  off  by  a  mem- 
branous partition,  as  it  is  in  the  living  animal :  for  if  the  blood 
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be  tied  tip  in  a  bladder,  the  gas  has  still  the  power  of  penetrating 
to  it,  and  of  effecting  the  change  in  it ;  and  the  change  is  mani- 
fested, not  only  by  the  alteration  in  the  character  of  the  blood, 
but  by  the  disappearance  of  a  certain  quantity  of  oxygen  from 
the  air,  and  its  replacement  by  carbonic  acid.  Now  if,  by 
spreading  out  the  blood  in  a  very  thin  layer,  we  expose  a  much 
larger  surface  to  the  air,  or  if,  by  frequently  shaking  it,  we  con- 
tinually change  its  surface,  we  render  the  change  more  complete. 
But  still  it  is  accomplished  far  less  effectually  than  it  is  in  the 
lungs  or  gills  of  a  living  animal ;  for  when  it  is  passing  through 
their  capillaries,  it  is  divided  into  an  immense  number  of  very 
minute  streams,  each  of  which  is  completely  exposed  to  the  in- 
fluence of  the  air,  and  the  combined  surface  of  which  is  very 
great. 

304.  The  question  next  arises,  what  becomes  of  the  oxygen 
which  disappears,  and  what  is  the  origin  of  the  carbonic  acid 
which  is  thus  produced  by  respiration  ?  This  question  will  now 
be  considered. 

305.  When  charcoal  is  burned  in  a  vessel  filled  with  air,  the 
oxygen  disappears,  and  is  replaced  by  an  equal  bulk  of  carbonic 
acid :  at  the  same  time  there  occurs  a  considerable  disengage- 
ment of  heat.  But  during  respiration,  the  same  phenomena 
occur ;  there  is  always  an  evident  relation  between  the  quantity 
of  oxygen  employed  by  an  animal,  and  the  amount  of  carbonic 
acid  it  produces  (the  latter  being  usually  somewhat  less  than  the 
former) ;  and,  as  we  shall  see  hereafter  (Chap.  IX.),  there  is 
always  a  greater  or  less  amount  of  heat  produced.  There  exists, 
then,  a  great  analogy  between  the  principal  phenomena  of  res- 
piration, and  those  of  the  combustion  of  carbon ;  and  this 
agreement  in  the  results  naturally  leads  to  the  belief  that  the 
causes  of  both  are  the  same.  It  was  at  one  time  supposed  that 
the  oxygen  of  the  inspired  air  combines,  in  the  lungs  themselves, 
with  the  carbon  brought  there  in  the  blood  ;  and  thus  produces 
the  carbonic  acid  which  is  expired,  occasioning  at  the  same  time 
the  development  of  heat.  But  this  theory  is  inconsistent  with 
experiment;  for  it  has  been  proved  that  the  carbonic  acid  is 
not  formed  in  the  lungs,  but  that  it  is  brought  to  them  in  the 
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venons  blood  of  the  pulmonary  artery;  and  that  their  office  is  to 
diwDgage  or  get  rid  of  it,  whilst  they  at  the  same  time  introduce 
oxygen  into  the  arterial  blood. 

306.  This  has  been  proved  in  various  ways.  In  the  first 
place,  it  may  be  shown  that  a  considerable  quantity  of  carbonic 
acid  exists  in  venous  blood,  from  which  it  may  be  removed  by 
drawing  it  into  a  vessel  filled  with  hydrogen  or  nitrogen,  or  by 
placing  it  under  the  vacuum  of  an  air-pump.  It  may  also  be 
shown  that  arterial  blood  contains  a  considerable  quantity  of 
oxygen.  Hence  the  inference  seems  unavoidable,  that  the  blood, 
in  passing  through  the  lungs,  gives  off  carbonic  acid,  and  takes 
in  oxygen.  This  view  receives  full  confirmation  from  the  fol- 
lowing experiment.  If  Frogs,  Snails,  or  other  cold-blooded 
animals,  be  confined  for  some  time  in  an  atmosphere  of  nitrogen 
or  hydrogen  (two  gases  which  do  not  themselves  exert  any 
iajurious  effect  upon  them),  they  will  continue  for  some  time  to 
give  off  nearly  as  much  carbonic  acid  as  they  would  have  done 
in  common  air ;  thus  proving  that  the  carbonic  acid  is  not 
formed  in  the  lungs  by  the  union  of  carbon  brought  in  the  venous 
blood  with  the  oxygen  of  the  air,  since  here  no  oxygen  was  sup- 
plied; and  showing  that  the  carbonic  acid  must  have  been 
brought  ready-formed.  But  this  process  could  not  be  continued 
for  any  great  length  of  time,  even  in  cold-blooded  animals  ;  since 
&  supply  of  oxygen  is  necessary  to  the  performance  of  their 
various  functions.  And  in  warm-blooded  animals,  a  constant 
snpply  of  this  element  is  so  much  more  important,  that  they  will 
die  if  cut  off  from  it,  even  for  a  short  time. 

307.  The  quantity  of  oxygen  taken  in,  and  of  carbonic  acid 
thus  disengaged,  bears  a  very  regular  proportion  to  the  amount  of 
muscular  exertion  which  is  made  during  the  same  time.  Hence 
it  18  much  greater  in  tribes  whose  habits  are  active  than  in  those 
who  are  inert ;  and  it  is  also  greater  in  the  same  individual, 
during  a  day  spent  in  active  exercise,  than  it  is  during  the  same 
P^nod  passed  in  repose.  It  is  a  well-known  physiological  fact, 
that,  for  the  continued  energy  of  a  muscle,  a  continued  supply  of 
*rterial  blood  is  required ;  and  the  use  of  this  appears  to  be  two- 
fold.    There  is  much  reason  to  believe  that  every  muscular 
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contraction,  or  exercise  of  vital/ore$y  is  necessarily  accompanied 
by  the  death  of  a  certain  amount  of  muscular  tissue ;  and  for  this 
operation,  the  presence  of  the  oxygen  in  arterial  blood  is  reqnired. 
This  oxygen  combines  with  part  of  the  materials  thus  set  free  as 
teaste  (§.  160),  and  converts  them  into  the  products  that  are 
thrown  off  by  the  various  excretions.  One  of  the  chief  of  these 
products  is  carbonic  acid,  which  is  carried  off  by  the  lungs  in 
the  manner  already  described.  Thus,  the  presence  of  oxygen  in 
the  blood  is  essential  to  muscular  force  ;  and  the  elements  of  the 
blood  itself  are  required  to  re-form  the  tissue  which  has  been 
thus  destroyed. 

308.  Hence  we  see  why  the  quantity  of  carbonic  acid 
thrown  off  by  respiration  should  be  increased  by  muscular  exer- 
tion. It  is  among  Birds  and  Insects  that  we  find  the  greatest 
quantity  produced,  in  proportion  to  the  size  of  the  animab ;  and 
in  both  these  classes,  we  find  extraordinary  provisions  for  the 
energetic  performance  of  this  function  (§§.  320  and  326).  The 
greater  energy  of  the  respiration  of  Birds  than  that  of  Mamma- 
lia, when  compared  with  the  greater  number  of  the  red  cor- 
puscles in  their  blood,  gives  an  increased  probability  to  the  idea, 
that  the  red  corpuscles  are  the  chirf  carriers  of  oxygen  from  the 
lungs  to  the  capillaries  of  the  system,  and  of  carbonic  acid  from 
the  capillaries  of  the  system  to  those  of  the  lungs  (^§.  5234).  The 
energetic  respiration  of  Insects,  though  these  corpuscles  sre 
absent,  is  fully  accounted  for  by  the  peculiar  manner  in  which 
the  air  enters  every  part  of  their  bodies.  In  no  case  do  we  see 
the  influence  of  muscular  activity  on  the  amount  of  carbonic 
acid  throWn  off  more  strongly  manifested  than  in  Insects.  A 
humble-bee^  wliile  in  a  state  of  great  excitement  after  its  capture, 
made  from  110  to  120  respiratory  movements  in  a  minute ;  alter 
the  lapse  of  an  hour,  they  had  sunk  to  58 ;  and  they  subse- 
quently fell  to  46.  In  the  first  hour  of  its  confinement,  it  pro- 
duced about  l-3rd  of  an  inch  of  carbonic  acid  (a  quantity  many 
times  greater,  in  proportion  to  its  size,  than  that  which  Man 
would  have  set  free  in  the  same  time) ;  and  during  the  whole 
twenty-four  hours  of  the  subsequent  day,  the  insect  produced  a 
less  amount  than  that  which  it  then  evolved  in  a  single  hour. 
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In  tile  larva  state,  which  is  usually  one  of  comparative  inactivity, 
the  respiration  is  not  above  that  of  the  neighbouring  tribes,  such  as 
the  Myriapoda ;  and  in  the  Chrysalis  state  of  those  which  become 
completely  inactive,  the  amount  of  respiration  is  still  lower. 

309.  This  Chrysalis  state  bears  a  strong  resemblance  to  the 
torpid  condition,  in  which  many  animals  pass  the  winter.  Rep- 
tiles and  most  Invertebrata  that  inhabit  the  land,  become  (to 
all  appearance)  completely  inanimate,  when  the  temperature  is 
lowered  below  a  certain  point ;  yet  retain  the  power  of  exhibit* 
ing  all  their  usual  actions,  when  the  temperature  rises  again.  In 
this  state,  their  circulation  and  respiration  appear  to  cease 
entirely ;  or,  if  the  functions  are  performed  at  all,  they  take 
place  with  extreme  feebleness ;  and  the  animals  may  be  prevented 
from  reviving  for  a  long  time,  without  their  vitality  being  per- 
manently destroyed,  if  they  be  surrounded  by  an  atmosphere 
sufficiently  cold.  Thus  Serpents  and  Frogs  have  been  kept  for 
three  years  in  an  ice-house,  and  have  completely  revived  at  the 
end  of  that  period.  Snails  may  be  reduced  to  a  similar  state  by 
the  want  of  water ;  and  may  be  kept  in  it  for  almost  any  length 
of  time.  Among  Mammalia  there  are  several  species  wliich  pass 
the  winter  in  a  state  of  torpidity  ;  but  this  is  less  profound  than 
the  torpidity  of  cold-blooded  animals,  for  the  circulation  and 
respiration  never  entirely  cease,  though  they  become  very  slow. 
There  are  various  gradations  between  this  condition,  and  ordi- 
nary deep  sleep.  Thus  some  of  the  animals  which  hibernate  or 
retire  to  winter  quarters,  lay  up  a  supply  of  food  in  the  autumn, 
and  pass  the  cold  season  in  a  state  differing  but  little  from  ordi- 
nary sleep,  from  which  they  occasionally  awake,  and  satisfy 
their  hunger.  But  others,  like  the  Marmot,  are  inactive  during 
the  whole  period,  taking  no  food,  and  exhibiting  scarcely  any 
evidence  of  life,  unless  they  are  aroused.  It  appears  from  Dr. 
M.  liall'^s  experiments  and  observations,  that  the  Bat,  when  in 
a  state  of  complete  torpidity,  consumes  no  oxygen,  and  forms  no 
carbonic  acid,  though  its  circulation  continues  languidly.  But  a 
very  slight  irritation  is  sufficient  to  produce  respiratory  move- 
ments. 

310.  Animals  will  in  general  bear  deprivation  of  air  well  or 
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badly,  according  as  the  respiration  is  more  or  less  active.  Thus 
a  warm-blooded  animal  usually  dies,  if  sunk  beneath  water  for 
more  than  a  few  minutes ;  though  there  are  some  which  are 
enabled,  by  peculiar  means,  to  sustain  life  much  longer  (§.  265). 
In  cold-blooded  animals,  however,  whose  demand  for  oxygen  is 
much  less  energetic,  this  treatment  may  continue  for  a  much 
longer  time  without  the  loss  of  life.  Thus  the  common  Water- 
Newts  naturally  pass  a  quarter  of  an  hour  or  more  beneath  the 
surface,  without  coming  ap  to  breathe ;  and  they  may  be  kept 
down  for  many  times  that  period,  without  serious  injury  to 
them.  And,  as  we  might  expect  from  their  peculiar  condition, 
warm-blooded,  hybemating  animals  may  be  kept  beneath  water 
for  an  hour  or  more,  without  apparent  suffering ;  although  the 
same  animals,  in  their  active  condition,  would  not  survive  above 
three  minutes.  There  is  reason  to  believe  that  a  similar  con- 
dition may  be  produced  in  Man,  by  the  influence  of  mental 
emotion,  or  of  a  blow  on  the  head,  at  the  moment  of  falling  into 
the  water;  so  that  recovery  is  by  no  means  hopeless,  even 
though  the  individual  may  have  been  more  than  half  aa  hour 
beneath  the  surface. 

Structure  and  Actiani  of  the  Respiratory  Apparatus. 
311.  In  animals  whose  organisation  is  most  simple,  the  act 
of  respiration  is  not  performed  by  any  organ  expressly  set  apart 
for  it ;  but  it  is  effected  by  all  the  parts  of  the  body,  that  are  in 
contact  with  the  element  in  which  the  animal  lives,  and  from 
which  they  derive  their  necessary  supply  of  oxygen.  This  is 
the  case,  for  example,  in  the  lower  class  of  Animalcules,  in  the 
Poljrpes,  Jelly-fish,  Entozoa,  and  many  other  animals.  Even  in 
the  higher  classes,  a  considerable  amount  of  respiratory  action 
takes  place  through  the  skin,  especially,  when  it  is  soft  and  but 
little  covered  with  hair,  scales,  &c.,  as  in  Man,  and  in  the  Frog 
tribe ;  but  we  almost  invariably  find  in  them  a  prolongation  of 
this  membrane,  specially  designed  to  enable  the  blood  and  the 
air  to  act  upon  each  other,  and  having  its  structure  modified  for 
the  advantageous  performance  of  this  function.  This  modifica- 
tion consists  in  the  peculiar  vascularity  of  this  meknbrane,  that  is, 
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in  the  large  number  of  ▼essels  thai  traverse  its  surface ;  and  also 
in  the  thinness  of  the  membrane  itself,  by  which  gases  are  enabled 
to  permeate  it  the  more  readily.  MoreoTor,  we  alwa3rs  find  this 
membrane  so  arranged,  that  it  exposes  a  very  large  surface  to 
the  air  or  water  which  comes  into  contact  with  it ;  and  we  shall 
find  that  this  surfikce  may  be  immensely  extended,  without  any 
increase  in  the  size  of  the  organ.  Thus  the  small  lungs  of  a 
Babbit  really  expose  a  much  larger  respiratory  surface  to  the  air, 
than  is  afforded  by  the  large  air-sacs  of  a  Tmrtle,  which  are  ten 
times  their  size.  This  is  effected  by  the  minuteness  of  the  sub- 
division of  the  former  into  small  cavities  or  air-cells^  whilst  the 
latter  remain  as  almost  undivided  bags. 

312.  It  is  desirable  to  possess  a  distinct  idea  of  the  mode  in 
which  the  surface  is  thus  extended  by  subdivision.  We  may, 
for  the  purpose  of  explanation,  compare  the  lung  to  a  chamber, 
on  the  walls  of  which  the  blood  is  distributed,  and  to  the  interior 
of  which  the  air  is  admitted.  This  chamber,  for  the  sake  of 
convenience  of  description,  we  shall  suppose  to  have  two  long 
and  two  short  sides,  as 
at  A.  Now  if  a  parti- 
tion be  built  up  in  the 
direction  of  its  length, 
as  at  B,  a  new  surface 
will  be  added  equal  to 
that  which  the  two  9i<kt 
previously  exposed ;  since  both  the  surfaces  of  this  partition  are 
sopplied  with  blood,  and  are  exposed  to  the  air.  Again,  if 
another  partition  be  built  up  across  the  chamber,  as  at  c,  a  new 
sor&oe  will  be  added,  equal  to  that  which  the  endi  of  the  cham- 
ber previously  exposed.  And  thus,  by  the  subdivision  of  the 
first  chamber  into  four  smaller  ones,  the  extent  of  surface  has 
been  doubled.  Now  if  each  of  these  small  ones  were  divided  in 
the  same  manner,  the  surface  would  agun  be  doubled ;  and  thus, 
by  a  continual  process  of  subdivision,  the  surface  may  be  increased 
to  almost  any  extent  compatible  with  the  free  access  of  air  to 
the  cavities,  and  of  blood  to  the  walls.  In  the  same  manner, 
where  the  respiratory  membrane  is  prolonged  outwardly,  so  as 

k9. 
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to  fonn  ffillsj  which  hang  from  the  exterior  of  the  body  (as  is 
the  case  in  most  aquatic  animab),  its  surface  is  very  much  ex- 
tended by  disposing  it  in  folds,  and  by  dividing  these  folds  into 
fringes,  so  as  to  expose  a  large  surface  to  the  water.  It  has 
been  calculated  that,  by  this  kind  of  arrangement,  the  gills  of 
the  Skate  present  a  surface  four  times  as  great  as  that  of  the 
human  body. 

313.  The  structure  and  arrangement  of  the  respiratory 
organs  differ  according  as  they  are  destined  to  come  in  contact 
with  air  in  the  state  of  gas,  or  to  act  upon  water  in  which  a 
certain  amount  of  it  is  dissolved.  In  the  former  case,  we  usually 
find  the  respiratory  membrane  (which  is  but  a  prolongation 
of  the  skin  or  general  envelope)  forming  the  wall  of  an  internal 
cavity,— just  in  the  same  manner  as  the  membrane,  through 
which  the  act  of  absorption  takes  place  in  animals,  is  prolonged 
from  the  skin,  so  as  to  form  the  wall  of  the  digestive  cavity 
(§.  14).  Such  a  cavity  for  the  reception  of  air  into  the  in- 
terior of  the  body,  exists  in  all  air-breathing  animals ;  and  in 
the  Yertebrata  it  receives  the  name  of  lunp.  On  the  other  hand, 
in  animals  that  breathe  by  means  of  water,  the  respiratory  sur- 
face is  prolonged  externally^  so  as  to  be  evidently  but  an  exten- 
sion of  the  general  surface, — just  in  the  same  manner  as  the  roots 
of  plants  are  prolonged  into  the  soil  around  them.  These  pro- 
longations, termed  ytZ2f ,  which  may  have  various  forms,  carry 
the  blood  to  meet  the  surrounding  water,  and  to  be  acted  on  by 
the  air  it  contains ;  and  then  return  it  to  the  body  in  a  purified 
condition. 

314.    The  form  and  arrangement  of  the 

gills  vary  greatly  in  the  different  classes 

of  aquatic  animals.  Sometimes  they  simply 

consist  of  little  leaf-like  appendages,  which 

have  a  texture  rather  more  delicate  than 

that  of  the  rest  of  the  skin,  and  whi<^ 

receive  a  larger  quantity  of  blood.      In 

Ffo.  laa— oiLL-TurT  OF    other  instances,  they  are  composed  of  a 

EvmcB.  number  of  branching  tufts,  which  are  more 

copiously  supplied  with  vessels.     In  the  class  Annelida^  we 
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obeerre  a  great  varieiy  in  the  mode  in  which  these  tufts  are  dis- 
poeed;  and  this  is  connected  with  the  general 
habits  of  the  animal.  Thus  in  the  Serpula  (Fig. 
58),  whose  body  is  enclosed  in  a  tube,  the  tufts 
are  disposed  around  the  head  alone,  and  spread  out 
widely  into  the  semblance  of  a  flower.  In  the 
NereU  (Fig.  57)  and  its  allies,  they  are  set  upon 
nearly  every  division  of  the  body,  and  are  much 
smaller.  Their  usual  arrangement  in  these  marine 
worms  may  be  seen  in  Fig.  139,  which  represents 
one  of  the  appendages  of  Eunice.  The  tuft  of  gills 
is  shown  at  b;  at  6  is  seen  a  bristle- shaped  filament, 
which  may  perhaps  be  regarded  as  the  rudiment  of 
a  leg ;  and  the  letters  t  and  ci  point  to  other  pro- 
jections, which  also  seem  connected  with  the  move- 
ments of  the  animal.  In  the  Arenieola 
(the  lob- worm  of  fishermen)  wo  find 
the  respiratory  tufts  disposed  on  cer- 
tain segments  only,  and  possessing 
more  of  an  arborescent  (tree-like) 
form  (Fig.  140). 

315.  A  somewhat  similar  arrange- 
ment is  seen  in  the  larvsB  of  many 
aquatic  Insects,  which  breathe  by 
means  of  gills ;  although  all  perfect 
Insects  breathe  air  in  the  manner  to 
be  presently  described.  In  Fig.  141  "-  '*l^^Z" 
is  represented  the  larva  of  the  Ephe- 
mera (May-fly),  which  breathes  by  means  of  a 
Fw.i4A.~AiiBin-  series  of  gill-tufts  disposed  along  the  abdomen,  and 
'''^'  also  prolonged  as  a  tail.  In  the  Crustacea,  we 
usually  find  the  gills  presenting  the  form  of  flattened  leaves  or 
plates.  In  the  lower  tribes  of  the  class,  they  project  from  the 
sorfaoe  of  the  body ;  but  in  the  higher,  they  are  enclosed  within 
a  cavity,  through  which  a  stream  of  water  is  made  constantly 
to  flow,  by  mechanism  adapted  for  the  purpose.  Their  form 
and  position  in  the  Crab  are  shown  at  by  b\  Fig.  48.     Although 
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these  animals  osnally  reside  in  the  water,  or  only  qsit  it  ooct- 
■ionally,  there  are  some  species,  Icuemi  under  the  name  of  loud- 
eraii,  which  have  the  power  of  living  for  some  time  at  a  dis- 
tance &om  water.  In  order  to  prerent  their  gills  from  drying 
up,  which  wonld  destroy  thrar  power  of  acting  on  the  air, 
there  is  a  kind  of  spongy  stmctnre  in  the  gill^chamber,  by 
which  a  flaid  is  secreted,  that  keeps  them  constantly  mtnst 

316,  In  the  Mollosca  we  find  the  gills  arranged  in  a  great 
Tsiiety  of  modes.  In  the  lowest  class,  the  TuNicaxi,  the  respi- 
ratory memhrane  is  merely  the  Umng  of  the  large  chambet 
(brmed  by  the  mantle,  throng  which  a  stream  of  water  is  oon- 
tinoally  made  to  flow  (§.  319)  ;  and  this  sniface  is  s 
extended,  by  the  folding  or  plaiting  of  the  membrane.     In  m 


ftponiDBitfmtotlKTliriMMdsdlaekK.-    

IntKoU,  orpnlooctdllp*;/,  Una;  I,  InUrtiu;  a,  uui  i 

of  the  CoNOHtFBlU,  however,  we  find  foar  ^oiM^'or^ds  of 
membrane  (br.  Fig.  142),  lying  near  the  edge  of  the  shell,  and 
oopiously  supplied  with  blood-vessela.  In  the  Oyittr,  the«e  ate 
freely  exposed  to  the  snrronnding  element,  the  lobes  of  the 
mantle  bring  separated  along  their  entire  length ;  but  where 
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these  are  nnited,  so  as  to  shut  in  the  gills,  there  are  two  orifices, 
often  prolonged  into  tubes  (as  in  the  TeHina^  Fig.  143),  through 

one  of  which  the  water  is 
drawn  in  for  the  purpose  of 
respiration,  whilst  through 
the  other  it  passes  out,  as  in 
the  Tunicata.  In  the  aquatic 
Gasteropoda  there  is  scarcely  any  part  of  the  body  to  which 
we  do  not  find  the  gills  attached  in  some  species  or  other.  In 
the  naked  marine  species,  which  may  be  called  Sea-slugs,  they 
form  firinges,  which  are  sometimes  disposed  along  the  sides  of 
the  body,  as  in  the  Glaueiu  and  Tritonia^  sometimes  arranged 


Fio.  143. — Tbluna. 


Fio.  144.— TsiTDNu. 


Fio.  145.— Olaucus. 


in  a  circle  around  the  end  of  the  intestine,  as  in  the  Doris  (see 
also  Fig.  133) ;  and  are  sometimes  covered  in,  more  or  less 
completely,  by  a  fold  of  the  mantle.     Tn  most  of  the  species  that 

shells,  the  gills  form  comb-like 

which  are  lodged  in  a  cavity 
enclosed  in  the  last  turn  of  the  spiral 
shell ;  and  to  this  cavity  the  water  is 
admitted,  sometimes  by  a  large  open- 
ing, sometimes  by  a  prolonged  tube. 
In  the  Cephalopoda,  we  find  the  gills  composed  of  a  collection 
of  little  leaf-like  folds,  placed  on  a  stalk  (br,  br.  Fig.  134) ;  they 
are  enclosed  in  a  cavity  which  is  covered  in  by  the  mantle ;  and 
the  walls  of  this  cavity  have  the  power  of  alternately  dilating 


Fio.  146.— Doris. 
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nnd  contracting,  bo  as  to  draw  in  and  expel  water.  It  commnni- 

catea  with  the  exterior 

hy  two  orifices,  one  of 

which,  o  {Ttg.  147), 

a  wide  slit,  is  for  the 

.   entrance    of    water ; 

whilst  the  other,  (,  ia 

■  tube-like,  and  serrea 

not  only  to  oairjr  off 

the    water  that    baa 

passed  otot  the  gilla, 

but    also    to    eoDTej 

away  the  excrementa, 

and  the  flnid  ejected 

by  the  ink-bag.   Tbia 

is  called  the  funnel. 

317.     In    Fishes, 

Fia.  1*7— <3iLu  Of  pouLP.  thegills  are  composed 

of  fringes,  which  are 

disposed  in  rows  on  each  ude  of  the  throat,  and  are  corered  by 

the  skin.    The  cavity  in  which  they  lie  has  two  sets  of  apertoree; 

one  communicating  with  the  throat,  and  the  other  opening  on  the 

outside.    In  the  Fishes  with  a  carttlaginons  skeleton,  we  naoalty 

find  as  many  of  these  external  orifices  as  there  are  rows  of  gilla; 

thus  in  the  Lamprey  there  are  seven,  as  ehown  in  tbe  subjoined 


figure  (a).  But  in  Fishes  with  a  bony  skeleton,  there  is  nsnally  bnt 
a  single  large  orifice  on  either  side ;  and  this  is  covered  with  a 
large  valve-like  flap,  which  is  termed  the  optreuiutn  or  gill-cover, 
A  continual  stream  or  water  is  made  to  pass  over  the  gills  by  the 
Action  of  the  mouth,  which  takes  in  a  large  quantity  of  fluid,  and 
then  forces  it  through  the  i^jertures  on  each  ride  of  the  throat, 
into  the  gill-ivkvitioe ;  and  from  these  it  p since  out  hy  tbe  other 
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orifices  jnat  described.  Fishes,  in  common  with  other  animals  that 
breathe  b^  gills,  can  only  respire  properly,  when  these  are  kept 
moist,  and  an  k>  spread  out  as  to  expose  their  sur&ce  to  the  sar- 
roanding  element.  The  act  of  respiration  can  take  place  when 
they  are  exposed  to  air,  provided  theae  conditions  are  fulfilled  ; 
bat  in  general  it  happens  that,  when  a  Fish  is  taken  out  of  water, 
ita  gills  clog  together  and  dry  up,  so  that  the  air  cannot  exert  any 
aetion  nprai  them;  and  the  Fish  actually  dies  of  suffocation, 
onder  the  orcumstances  which  are  necessary  to  the  life  of  an  ur- 
breathing  animal. 

S18.     There  are  certain  Fishes,  however,  which  are  provided 
with  an  apparatus,  somewhat  resembling  that  which  has  bean 
already  described  in  the  Land-orab,  for  keeping  the  gills  moist. 
The  bones  of  the  pharynx  are  extended  and  twisted  in  such  a 
remarkable  manner,  as  to  form  a  number  of  small  cavities. 
These  cavities,  the  Fish  can  fill  with  water ;  and  they  form  a 
reservoir  of  fluid,  from  which  the  gills  may  be  supplied  with  a 
sufficient  amount,  to  keep  > 
them  moist  during  some 
time.     Tbe  gill-filaments 
themselves  are  bo  arranged 
that  they  do  not  clog  to- 
gether ;  and  by  this  com- 
bination of  contrivances, 
the  Bpedes  of  Fish  that  are 
rnmiahed  with  it  can  live 
for  a    long   time  oat  of 

water,  so  as  to  be  able  to     •'i*  i*a-K«m"™v  appii«™of  ahau>. 
journey  for  a  considerable  distance  on  land.    Such  a  proviuon  is 
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especially  desirable  in  tropical  climates,  where  shallow  lakes  are 
often  dried  up  by  a  continued  drought,  so  that  their  inhabitants 
must  perish,  if  they  were  not  thus  enabled  to  migrate.  One  of 
the  most  curious  of  these  Fishes  (most  of  which  are  inhabitants 
of  India  and  China)  is  the  Anabat  or  climbing-perch  of  Tran- 
quebar ;  which  climbs  bushes  and  trees  in  search  of  its  prey,  a 
species  of  land-crab,  by  means  of  the  spines  on  its  back  and  gill- 
covers.  The  gills  of  the  Amphibious  Reptiles,  in  their  Tadpole 
state,  resemble  those  of  Fishes,  and  are  connected  with  the  month 
in  the  same  manner. 

319.  In  the  respiratory  actions  of  nearly  all  these  animals  a 
very  important  part  is  performed  by  the  cilia  (§.  117)  which 
cover  the  surEcuses  of  the  gills.  Even  in  those  which  do  not  pos- 
sess any  special  respiratory  oigans  (§.  311),  the  action  of  the 
cilia  is  very  important,  in  causing  a  constant  change  in  the 
water  that  is  in  contact  with  their  surface.  Thus  in  the  Polypes, 
which  are  for  the  most  part  fixed  to  one  spot,  the  action  of  the 
cilia  produces  currents  in  the  surrounding  water.  On  the  other 
hand,  in  the  actively-moving  Animalcules,  the  same  action  pro- 
pels their  bodies  rapidly  through  the  water ;  though  in  some  of 
them,  which  occasionally  fix  themselves  like  Polypes,  the  action 
of  the  cilia  resembles  theirs.  In  either  case,  there  is  a  continual 
change  in  the  layer  of  water  which  is  in  immediate  contact  with 
the  surface ;  and  thus  a  constant  supply  of  the  air  contained  in 
the  water  is  secured.  A  similar  action  goes  on,  still  more  ener- 
getically, on  the  gill-tufts  of  the  Annelida;  and  this  action 
continues  after  the  death  of  the  animal,  or  after  the  tuft  has  been 
separated  from  it,  producing  evident  currents  in  the  water  in 
which  it  is  placed.  It  is  by  the  action  of  the  cilia  alone,  that 
the  continual  current  of  water  is  kept  up  through  the  respiratory 
chamber  of  the  lower  Mollusca ;  and  even  where  this  current  is 
maintained  in  other  ways,  as  in  the  Cephalopods  and  Fishes,  we 
still  find  the  gills  covered  with  cilia,  by  the  action  of  which  an 
interchange  in  the  water,  that  is  in  contact  with  each  individual 
filament,  is  secured.  This  action  may  be  well  observed  in  the 
Tadpole  of  the  common  Water- Newt,  whose  gills  hang  from  the 
neck  on  either  side ;  the  cilia  are  themselves  so  minute  that  they 
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cannot  be  dutiagnished ;  but  the  moUon  of  the  water  may  be 
teadUy  perceived  in  ft  tolerable  microBcope,  eapeciallj  when 
ermaU  light  particles,  nich  aa  powdered  charcoal,  are  diffused 
tbroDgh  it. 

320.     In  animals  whoee  blood  is  made  to  act  directly  Dpon 


the  ur,  we  nsoally  find  a  provision  of  some  kind  for  introducing 
the  air  into  the  interior  of  the  body.  The  aimplest  arrangement 
is  that  which  we  meet  with  in  the  Snail  and  Sing ;  and  it  con- 
nate merely  of  a  cavity,  resembling  that  in  which  the  gills  are 
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disposed  in  the  aquatic  Mollusca,  but  haVing  a  free  oommnmca- 
tion  with  the  external  air,  and  having  the  blood  minutely  distri- 
buted hj  vessels  upon  its  walls  (p^  Fig.  14).  In  Uie  air-breathing 
Annelida,  such  as  the  Earth-foarm^  we  find  a  repetition  of 
similar  cavities  along  the  body,  one  pair  usually  existing  in  each 
segment ;  and  these  open  externally  by  small  apertures,  which 
are  termed  iH^mata.  The  same  is  the  case  in  the  Mtriapch>a  ; 
but  the  air-sacs  now  begin  to  send  off  branching  air-tubes  or 
trachecB^  which  spread  through  the  body ;  these,  however,  have 
not  much  communication  with  each  other.  In  Insects,  this 
plan  of  structure  is  carried  out  in  the  most  remarkable  manner. 

The  stigmata  do  not  open  into  distinct  air-MOB, 
but  into  canals,  which  lead  to  two  large  traohen 
that  run  along  the  sides  of  the  body,  and  are  con- 
nected by  several  tubes  that  pass  across  it— one 
usually  for  each  segment.  From  these  trachess 
others  branch  off,  which  again  subdivide  into  more 
minute  tubes;  and  by  the  ramifications  of  these, 
TUB!  or  iKanrr.  eveu  the  miuutest  parts  of  the  body  are  pene- 
trated (Fig.  151).  These  tubes  are  formed  upon  a  similar  plan 
with  the  air-vessels  of  Plants,  having  a  spiral  fibre  winding 
inside  their  outer  membranous  coat ;  by  the  elasticity  of  which 
fibre,  the  tube  is  kept  from  being  closed  by  pressure. 

321.     In  this  manner  the  air  is  brought  into  contact  with 
almost  every  portion  of  the  tissue,  and  is  enabled 
to  act  most  energetically  upon  it;  and  thus  the 
feeble  circulation  of  these  animals  (§.  293)  is  in 
a  great  degree  counterbalanced  by  the  extraordi- 
nary activity  of  their  respiration.     There  are  no 
animals  which  consume  so  much  oxygen,  in  pro- 
portion to  their  size,  as  Insects  do  when  they  are 
in  motion ;  but  when  they  are  at  rest,  their  respi- 
ration falls  to  the  low  standard,  of  the  tribes  to 
wliich  they  bear  the  greatest  general  resemblance. 
In  the  larva  state,  the  respiration  is  sometimes  ac-  Fic*  i5s...LunrA 
Gomplished  by  means  of  gills,  and  sometimes  by       ^^   "^^* 
tracheae,  according  to  the  habits  and  residence  of  the  animal ; 
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bat  it  is  never  very  actire.  Some  aquatic  larvae  breathe  air  hj 
means  of  tracheee ;  and  they  are  consequently  obliged,  like  the 
Whales  and  other  aquatic  Mammalia,  to  come  occasionally  to 
the  surfiice,  for  the  purpose  of  gaining  a  fresh  supply  of  air.  The 
larva  of  the  Gnat,  which  breathes  in  this  manner,  has  one  of 
the  stigmata  of  its  tail-segment  prolonged  into  a  tube ;  and  it 
may  often  be  seen  suspended,  as  it  were,  in  the  water,  with  its 
head  downwards,  the  end  of  this  tube  (<,  Fig.  153)  being  at  the 
suriaoe. 

322.  In  most  perfect  Insects,  we  find  the  trachese  dilated  at 
certain  parts  into  large  air-sacs  (Fig.  151);  these  are  usually 
largest  in  Insects  that  sustain  the  longest  and 
most  powerful  flight;  in  some  of  which,  as  in 
the  common  Bee,  they  occupy  a  much  larger 
portion  of  the  trunk,  than  they  do  in  the  insect 
whose  system  of  air-tubes  has  been  just  repre- 
sented,—this  insect,  the  Nepa  or  "Water-Scorpion 
being  of  aquatic  habits,  and  seldom  using  its 
wings  for  flight.  There  can  be  little  doubt  that 
one  nse  of  these  cavities,  is  to  diminish  the 
specific  gravity  of  the  Insect,  and  thus  to  render 
it  more  buoyant  in  the  atmosphere ;  but  it  would  ^»o.  im^nbpa. 
not  seem  improbable,  that  they  are  intended  to  contain  a  store 
of  air  for  its  use  while  on  the  wing,  as  at  that  time  a  part  of  the 
spiracles  are  closed.  We  shall  find  in  Birds,  the  Insects  of  the 
Vertebrated  division,  a  structure  bearing  remarkable  analogy  to 
this  (§.  326.) 

323.  In  some  of  the  Arachnida,  such  as  the  Cheese-mite, 
the  respiration  is  accomplished  by  tracheas,  as  in  Insects ;  but  in 
the  Spiders  it  is  performed  by  a  difierent  kind  of  apparatus. 
Instead  of  opening  into  a  system  of  prolonged  tubes,  each  spiracle 
leads  to  a  little  chamber,  the  lining  membrane  of  which  is 
arranged  in  a  number  of  folds,  that  lie  together  like  the  leaves  of 
a  book ;  and  thus  a  large  surface  is  exposed  to  the  air,  which  is 
admitted  through  the  spiracles.  This  arrangement  is  shown  in 
Fig.  46. 

324.  Hitherto  it  has  been  seen  that  the  respiratory  apparatus 
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19  not  connected  with  the  month;  which,  in  the  Inyeriebiated 
classes,  has  the  reception  of  food  as  its  sole  function.  On  this 
account,  we  cannot  regard  the  air-sacs  of  Insects  as  bearing  any 
real  analogy  to  the  lungs  of  Vertebrata,  which  are  formed  by  an 
extension  of  the  mucous  membrane  of  the  digestiye  cavity.  The 
simplest  condition  of  the  true  lung  is  that  which  constitutes  the 
air-bladder  of  Fishes.  This  we  sometimes  find  in  the  condition  of 
a  closed  bag,  lying  along  the  spine ;  and  its  use  cannot  be  that  of 
assisting  respiration,  since  air  is  not  admitted  to  it  from  without. 
But  in  other  cases,  we  find  it  connected  with  the  intestinal  tube 
by  means  of  a  short  wide  duct ;  and,  as  many  Fishes  are  known 
to  noallow  air,  which  is  highly  charged  with  carbonic  acid  when 
it  is  again  expelled,  it  seems  probable  that  their  air-bladder 
effects  this  change  in  precisely  the  same  manner  as  a  Inng  would 
do — ^the  air  being  transmitted  to  it  firom  the  intestine.  There  are 
some  Fishes  in  which  the  resemblance  of  the  air-bladder  to  a  lung 
is  more  decided,  and  its  connexion  with  tho  function  of  Respira- 
tion is  evidently  more  important.  The  canal  by  which  it  com- 
municates with  the  alimentary  canal  opens  into  the  latter  above 
the  stomach,  and,  even  in  some  instances,  at  the  back  of  the 
mouth ;  so  that  a  gradual  approach  is  seen  to  the  arrangement 
which  exists  in  air-breathing  animals.  In  these  ilshes,  as  in  the 
Amphibia  that  retain  their  gills  (§•  97),  it  would  appear  that  the 
respiration  is  accomplished  partly  by  the  lungs,  and  partly  by 
the  gills ;  this  is  the  case  in  the  curious  Lejndonren  (Fig.  ^, 
which,  as  formerly  mentioned,  is  regarded  by  some  naturalists 
as  a  Fish,  and  by  others  as  a  Reptile. 

325.  The  lungs  of  Reptiles  are  for  the  most  part  but  little 
divided ;  so  that,  although  they  hold  a  very  large  quantity  of 
air,  this  does  not  act  advantageously  upon  the  blood,  in  conse- 
quence of  the  small  surfiiu^  over  which  the  two  are  brought 
together  (§.  312).  In  Serpenti  we  find  but  a  single  lung,  that 
of  one  side  not  being  developed ;  and  this  lung  extends  along 
nearly  half  the  length  of  the  body.  Reptiles  have  no  power  of 
filling  their  lungs  by  a  process  resembling  our  inipiradim^  or 
drawing-in  of  air ;  but  they  are  obliged  to  swaUow  it,  as  it  were, 
by  the  action  of  the  mouth.     The  skin  of  Frogs  is  of  great  im- 
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portaDoe  in  th«ir  reapir&tioD — in  fact,  of  almost  aa  much  conae- 
quence  as  their  luogs.  The  necessity  for  more  energetic  reapira- 
tion  increasea  in  these  animals  with  the  temperatnre,  every  rise 
in  which  excites  them  to  greater  activity.  During  the  winter, 
which  they  pass  beneath  the  water  in  a  state  of  torpidity,  the 
action  of  the  water  npon  their  skin  is  sufficient  to  aerate  their 
blood.  When  spring  returns,  and  brings  with  it  a  warmer  tem- 
peratnre, which  arouses  them  from  their  inaction,  they  need  a 
larger  amoant  of  respiration,  and  come  occasionally  to  the  snrfoce, 
to  take  in  air  by  their  lungs.  And  when  summer  comes  on,  the 
greater  heat  increases  their  need  of  respiration  ;  and  they  quit  the 
ponds,  in  order  to  allow  the  atmosphere  to  act  upon  their  skin, 
as  welt  as  npon  their  lungs.  If  they  are  prevented  from  doing 
so,  they  will  die;  and  the  same  result  follows  if  the  skin  he 
smeared  with  grease,  so  that  the  air  cannot  permeate  it.  More- 
over, if  the  lungs  be  removed,  and  the  animal  be  made  to 
breathe  by  its  skin  alone,  it  may  live  for  some  time,  if  the  tem- 
perature be  not  high.  These  facts  show  the  great  importance  of 
the  skin  aB  a  respiratory  o^an  in  Frogs. 
326.    The  respiration  of  Birds  is  more  active  than  that  of 
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any  other  Yertebrata;  that  is,  they  consume  moie  oxygen,  and 
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fonn  more  carbonic  acid,  in  proportion  to  their  size.  Their  lungs, 
however,  are  not  so  minutely  subdivided  as  are  those  of  Mam- 
malia ;  but  the  surface  over  which  the  air  can  act  upon  the  blood 
is  immensely  extended,  by  a  provision  which  is  peculiar  to  this 
class.  The  air  introduced  by  the  windpipe,  passes  not  only  into 
the  lungs  properly  so  called,  but  into  a  series  of  large  air-cells, 
which  are  disposed  in  various  parts  of  the  body,  and  which 
even  send  prolongations  into  the  bones,  especially  in  Birds  of 
rapid  and  powerful  flight,  whose  whole  skeleton  is  thus  traversed 
by  air.  The  mode  in  which  some  of  the  branchial  tubet^  or  sub- 
divisions of  the  windpipe,  pass  from  the  lungs  to  the^e  air-oells, 
is  shown  in  Fig.  155.  Now,  by  this  arrangement,  a  much  larger 
quantity  of  air  is  taken  in  at  once,  and  a  much  more  extensive 
surface  is  exposed  to  its  action,  than  could  otherwise  be  provided 
for ;  and  as  the  air  which  is  received  into  the  air-cells  has  to  pass 
through  the  lungs,  not  only  when  it  is  taken  in,  but  when  it  is 
expelled  again,  its  full  influence  upon  the  blood  is  secured. 

327.  Birds,  like  Reptiles,  are  destitute  of  the  peculiar  appa- 
ratus by  which  Mammalia  are  enabled  to  fill  their  lungs  with 
air ;  but  it  is  introduced  without  any  effort  on  their  parts.  For 
the  cavity  of  the  trunk  is  almost  surrounded,  as  we  have  seen 
(§.  88),  by  the  ribs  and  breast-bone ;  and  the  elasticity  of  the 
former  keeps  it  generally  in  a  state,  corresponding  to  that  of  oar 
own  lungs,  when  we  have  taken  in  a  full  breath.  Thus  the  state 
of  /ullneit  is  natural  to  the  lungs  and  air-cells  of  Birds.  When 
the  animal  wishes  to  renew  their  contents,  however,  it  compresses 
the  walls  of  the  trunk,  so  as  to  diminish  its  cavity,  and  to  force 
out  some  of  the  air  contained  in  the  lungs,  &c. ;  and  when  the 
pressure  is  removed,  the  cavity  returns  to  its  previous  sisee  by  the 
elasticity  of  its  walls,  and  a  fresh  supply  of  air  is  drawn  into  the 
lungs.  The  air-sacs  answer  the  same  purpose  in  Birds  as  in 
Insects,  diminishing  the  specific  gravity  of  the  body,  by  increas- 
ing its  size  without  adding  to  its  weight,  and  thus  rendering  it 
more  buoyant. 

328.  In  M<m  and  the  other  Mammalia,  the  longs  are  con- 
fined to  the  upper  portion  of  the  cavity  of  the  trunk,  termed  the 
thorax/  which  is  separated  from  the  abdomen  by  the 
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a  innaculftT  partition  of  which  the  nse  in  reepiration  ia  very 
important.  An  imperfect  diaphragm  is  fonnd  in  some  Birds, 
which  approach  moet  nearly  to  the  Mammalia  in  their  general 
stracture.  The  langs  are  suspended,  as  it  were,  in  this  cavity, 
by  thrir  snmmit  or  apex ;  and  are  covered  by  a  serous  mem- 
brane termed  the  pleura,  which  also  lines  the  thorax,  being 
rtflteted  from  one  surface  to  the  other  precisely  in  the  manner  of 
the  poiicardium.  Thus  the  pleura  of  the  outer  surface  of  the 
Inng  is  oontinnally  in  contact  with  that  which  forms  the  inner 
wall  of  the  thorax ;  they  are  both  kept  moist  by  fluid  secreted 
from  them  ;  and  they  are  therefore  bo  smooth,  as  to  glide  over  one 
another  with  the  least  possible  friction.  The  lungs  themselves 
are   very   minutely   subdivided;  a 

and  thus  expose  a  vast  extent  of 
snrfitce  in  proportion  to  th^  sise. 
The  air-«ells  of  the  human  Inng,  i, 
into  which  the  air  is  conveyed  by 
the  branches  of  the  wind-pipe, 
and  on  the  walls  of  which  the 
blood  ia  distributed,  do  not  ave- 
rage above  the  1-lOOth  of  an  inch 
in  diameter.  In  the  accompany-  ' 
ing  figure  is  represented,  on  one 
side,  the  Inng,  d,  presenting  its 
natural  appearance;  and  on  the 
other,  Uie  ramifications  of  the 
air-passages  or  inrnMio^  tubes, «,«, 
by  which  air  is  conveyed  into 
every   part   of  tlie  lungs.     The   < 

trachea  or  windpipe,  6,  opens  into  ''■*  im.— Ahiiiibm  iim Luho  or  mak. 
Hie  pbarynx  or  back  of  the  mouth  by  the  larynx,  a.  The  con- 
struction of  this  is  espeoially  destined  to  produce  the  txnee;  and 
will  be  explained  under  that  head  (Chap,  xiii.) ;  but  it  may  be 
here  mentioned  that  the  entrance  from  the  pharynx  into  the 
larynx  consist*  of  a  narrow  slit,  which  is  capable  of  being  en- 
larged or  closed  by  the  contraction  of  muscles.  These  muscles 
ttre  made  to  act  by  a  process  corroeponding  with  that  whicli  is 
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conoenied  in  deglutition  (§.  195)  ;  and  the  purpose  of  ibis  is,  to 
prevent  the  entrance  of  anything  injarioos  into  the  windpipe. 
Tlius  if  we  attempt  to  breathe  carbonic  acid  gas,  which  would 
produce  an  immediately  fatal  result  if  introduced  into  the  lunga» 
the  glottis,  which  forms  the  walls  of  this  chink,  immediately 
closes,  and  so  prevents  its  entrance.  The  contact  of  liquids  or  of 
solid  substances,  too,  usually  causes  the  closure  of  the  glottis,  so 
that  they  are  prevented  from  finding  their  way  into  the  wind- 
pipe; but  this  does  not  always  happen,  especially  when  the 
glottis  is  widely  opened,  to  allow  the  breath  to  be  drawn  in 
(§.  193). 

329.  The  larynx,  trachea,  bronchial  tubes,  and  air-ceUs  of 
the  lungs,  in  all  air-breathing  Vertebrata,  are  lined  by  a  mucous 
membrane,  which  is  continued  from  the  back  <^  the  mouth  ;  and 
this  membrane,  like  the  gills  of  aquatic  animals,  is  covered  with 
cilia,  which  are  in  continual  vibration.  It  is  obvious,  howev^ 
that  the  purpose  of  this  ciliary  movement  must  be  here  different 
from  that  which  is  fulfilled  by  the  same  action  on  the  surfiuse 
of  the  gills  (§.  193) ;  and  it  probably  serves  to  get  rid  of  the 
secretion,  which  is  being  continually  poured  out  from  the  surfiioe 
of  the  mucous  membrane,  and  which,  if  allowed  to  accumulate 
there,  would  clog  up  the  air-cells,  and  in  time  produce  suffoca- 
tion. The  vibration  of  the  cilia  is  observed  to  be  always  in  one 
direction, — ^towards  the  outlet ;  and  it  is  in  this  direction,  there- 
fore, that  the  fluid  is  gradually  but  regularly  conveyed.  The 
ciliary  movement  may  be  seen  to  take  place  on  the  surfietce  of 
the  mucous  membrane  of  the  nose ;  but  not  on  tiiat  of  the  pha- 
rynx, where  it  would  be  continually  interrupted  by  the  passage 
of  food. 

330.  The  constant  renewal  of  the  air  in .  the  lungs  is  pro- 
vided for,  in  the  Mammalia,  by  a  peculiar  mechanism,  whidi 
accomplishes  this  purpose  most  effectually,  though  itself  of  the 
most  simple  character.  We  must  recollect  that  the  iharax  in 
this  class  is  an  entirely  ehied  cavity.  It  is  bounded  above  and 
at  the  sides  by  the  ribs  (the  space  between  which  is  filled  up  by 
muscles,  &c.),  and  below  by  the  diaphragm,  which  here  forms 
a  complete  partition  between  the  thorax  and  abdomen.     The 
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whole  of  this  cavity,  with  the  exception  of  the  space  occupied 
bj  th«  heart  aod  its  large  Teeseli  (and  also  by  the  gullet, 
which  ruDS  down  in  front  of  the  spine)  is  constantly  filled  up 
by  the  luoga.  Now  the  size  of  this  cavity  may  be  made  to 
Tary  considerably ; — in  the  first  place,  by  the  movement  of 
the  diaphragm, — and  in  the  second,  by  that  of  the  ribs. 

331.     I,  The  diaphn^m,  in  a  state  of  rest  or  relaxation,  forma 
a  high  arch,  which  rises  into  the  interior  of  the  chest,  as  at 
ff.  Fig.  157 ;  but  when  it  contracts,  it  becomes  much    flatter 
(Uiough  alwajrs  retaining  some  degree  of  convexity  upwards), 
and  thus  adds  considerably  to  the  capacity  of  the  lower  part  of 
the  chest.     The  under  side  of  the  diaphragm  is  in  contact  with 
the  liver  and  stomach,  which,  to  a  certain  degree,  rise  and  fall 
with  it.    It  is  obvious  that,  when  the  diaphragin  descends,  these 
organs,  with  the  abdomi- 
nal   Tiscera    in   general,  '  "  ' 
must    be  pushed   down- 
wards ;  and  as  there  can 
be    no  yielding   in   that 
direction,  the  abdomen  is 
made  to  bulge  forwards, 
wiien  the  breath  is  drawn   ' 
in.     On  the  other  hand, 

when  the  contraction  of  * 

the  diaphragm  ceases,  the  t 

abdominal    muscles  press  , 

back  the  contents  of  the  ,    - 
abdomen,    force    up    the 
liver  and  stomach  against 
the  under  side  of  the  dia- 
phragm, and  cause  it  to  ' 
rise  to  its  former  height. 

332.     II.  The  play  of  /  ,  ' 

the   ribs  te  rather  more 
complicated.  Theeebones, 

e  e,  and  c'  c/  (to  the  nnm-  '''*  '"  -t»o>"»  o»  m*». 

ber  of  twelve  on  each  side  in  Man)  are  attached  at  one  end  by 
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a  moTable  joint  to  the  spinal  column,  a ;  whilst  at  the  other 
they  are  connected  with  the  sternum  (breast-bone)  by  an 
elastic  cartilage.  Now  each  rib,  in  the  empty  state  of  the 
chesty  curves  downwards  in  a  considerable  degree;  and  it 
may  be  elevated  by  a  set  of  muscles,  of  which  the  highest,  t, 
are  attached  to  the  vertebrffi  of  the  neck  and  to  the  first  rib, 
whilst  others  e,  «,  0,  (termed  intercostals)  pass  between  the  ribs. 
The  cartilages  also  curve  downwards  in  the  opposite  direction, 
from  their  points  of  attachment  to  the  sternum.  When  the 
breath  is  drawn  in,  the  first  rib  is  raised  by  the  contraction  of 
the  muscles,  i ;  and  all  the  other  ribs,  which  hang  (as  it  were) 
from  it,  would  of  course  be  raised  by  this  action  to  the  same 
degree.  But  each  of  them  is  raised  a  little  more  than  the  one 
above  it,  by  the  contraction  of  its  own  intercostal  muscle;  and 
thus  the  lower  ribs  are  raised  very  much  more  than  the  upper 
ones.  Now  by  the  raising  of  the  ribs,  they  are  brought  more 
nearly  into  a  horizontal  line ;  as  are  also  their  cartilages ;  and 
#as  the  combined  length  of  the  two  is  greater  the  nearer  they 
approach  to  a  straight  line,  it  follows  that  the  raising  of  the  ribs 
must  throw  them  further  out  at  the  sides,  and  increase  the  pro- 
jection of  the  sternum  in  front, — ^thus  considerably  enlarging  the 
capacity  of  the  chest  in  these  directions.  When  the  movement 
of  inspiration  is  finished,  the  ribs  fall  again,  partly  by  their  own 
weight,  partly  by  the  elasticity  of  their  cartilages,  and  partly  by 
the  contraction  of  the  abdominal  muscles  which  are  attached  to 
their  lower  border. — For  the  full  understanding  of  this  descrip- 
tion, it  is  desirable  that  the  reader  should  examine  the  move- 
ments of  his  own  or  another  person's  chest ;  by  placing  his  fingers 
upon  different  points  of  the  ribs,  and  watching  their  changes  of 
position  during  the  drawing-in  and  the  expulsion  of  the  breath. 
333.  Now  the  cavity  of  the  thorax  is  itself  perfectly  closed  ; 
so  that,  if  it  were  not  for  the  expansion  of  the  lungs,  a  void  or 
vacuum  would  be  left,  when  the  diaphragm  is  drawn  down,  and 
the  ribs  are  elevated.  The  air  around  presses  to  fill  that  vacuum 
(see  Treatise  on  Pneumatics) ;  but  this  it  can  only  do  by  entering 
the  lungs  tlirough  the  windpipe,  and  inflating  them  (or  blowing 
them  out),  so  as  to  increase  their  size  in  proportion  to  the  increase 
of  the  space  they  have  to  fill.     In  this  manner  the  lungs  are 
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made  constaotly  to  fill  the  cavity  of  the  chest,  however  great 
may  he  the  increase  in  the  latter.  But  if  we  were  to  make  an 
aperture  through  the  walls  of  the  chest,  the  air  would  rush 
directly  into  its  cavity,  when  the  movements  of  inspiration  are 
performed,  and  the  lung  of  that  side*  would  not  be  dilated. 
The  same  thing  would  happen,  if  there  were  an  aperture  in  the 
lung  itself,  allowing  free  communication  between  one  of  the 
larger  bronchial  tubes  and  the  cavity  of  the  chest ;  for  the  air, 
although  still  drawn  in  by  the  windpipe,  would  pass  directly  into 
the  cavity  of  the  chest,  rather  than  dilate  the  lung,  which  thus 
becomes  entirely  useless.  Such  an  aperture  is  sometimes  formed 
as  the  result  of  disease ;  and  if  the  action  of  both  lungs  were  thus 
prevented,  death  must  immediately  take  place  from  suffocation. 

334.  The  extent  of  the  respiratory  movements  varies  consi- 
derably ;  but  in  general  it  is  only  such,  as  to  change  about  the 
seventh  part  of  the  air  contained  in  the  lungs.  It  may  be  gene- 
rally noticed,  that  every  fifth  or  sixth  inspiration  in  Man  is 
longer  and  fuller  than  the  rest.  Their  number  varies  according 
to  age,  and  to  the  state  of  the  nervous  system ;  being  faster  in 
infants  and  in  young  persons,  than  in  adults ;  and  more  rapid 
in  states  of  mental  excitement,  or  irritation  of  the  bodily  system, 
than  in  a  tranquil  condition.  In  general,  from  14  to  18  inspira- 
tions take  place  every  minute  in  an  adult ;  but  the  number  be- 
comes greater,  if  the  attention  of  the  person,  whose  respirations 
are  being  counted,  is  directed  to  it.  The  average  quantity  of 
air  taken  in  at  each  inspiration  seems  to  be  about  20  cubic 
inches;  so  that,  reckoning  16  inspirations  to  take  place  per 
minute,  nearly  20,000  cubic  inches  pass  through  the  lungs  in  an 
hour,  and  400,224  cubic  inches,  or  266 j-  cubic  feet,  in  the 
twenty-four  hours.  The  air  which  has  passed  through  the 
lungs  contains  about  l>26th  part  of  carbonic  acid;  and  thus 
about  ]7>B56  cubic  inches  (or  rather  more  than  10  cubic  feet)  of 
that  gas,  containing  2616  grains  or  about  5^  ounces  of  solid 
carbon,  are  thrown  off  in  the  course  of  twenty-four  hours. 

335.  Now  carbonic  acid,  when  diffused  through  the  atmo- 
sphere to  any  considerable  amount,  is  extremely  injurious  to 

*  Eacb  long  has  itt  own  cuvity ;  the  two  being  completely  leparated  from  each 
other  by  the  pericurdiom  ($  255). 
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ftnimal  life ;  for  it  prevents  the  due  ezcretion  by  the  langt,  of 
that  which  has  been  formed  within  the  body ;  and  the  latter  con- 
sequently accamulates  in  the  blood,  and  exercises  a  very  de- 
pressing influence  on  the  action  of  the  various  organs  of  the  body, 
but  particularly  on  that  of  the  nervous  syBtem.  The  usual  pro- 
portion is  not  above  1  part  in  1000 ;  and  when  this  is  increased 
to  1  part  in  100,  its  injurious  effects  begin  to  be  felt  by  Man,  in 
headache,  languor,  and  general  oppression.  Now  it  is  evident, 
from  the  statements  in  the  last  paragraph,  that,  as  a  man  pro- 
duces in  twenty-four  hours  about  10  cubic  feet  of  carbonic  acid, 
if  he  were  enclosed  in  a  space  containing  1000  cubic  feet  of  air 
(such  as  would  exist  in  a  room  10  feet  square  and  10  feet  high), 
he  would  in  twenty-four  hours  communicate  to  its  atmosphere 
from  his  lungs,  as  much  as  1  part  in  100  of  carbonic  add,  jato- 
vided  that  no  interchange  takes  place  between  the  air  within  and 
the  air  outside  the  chamber.  The  amount  would  be  further 
increased  by  the  carbonic  acid  thrown  off  by  the  skin,  the  quan- 
tity of  which  has  not  yet  been  determined. 

336.  In  practice,  such  an  occurrence  is  seldom  likely  to  take 
place;  since  in  no  chamber  that  is  ever  constructed,  except  for 
the  sake  of  experiment,  are  the  fittings  so  close,  as  to  prevent  a 
certain  interchange  of  the  contained  air  with  that  on  the  outside. 
But  the  same  injurious  effect  is  often  produced  by  the  collection 
of  a  large  number  of  persons  for  a  shorter  time,  in  a  room  insuf- 
ficiently provided  vrith  the  means  of  ventilation.  It  is  evident 
that  if  12  persons  were  to  occupy  such  a  chamber  for  two  hours, 
they  would  produce  the  same  effect  with  that  occasioned  by  one 
person  in  twenty-four  hours.  Now  we  will  suppose  1200  per- 
sons to  remain  in  a  church  or  assembly-room  for  two  hours ; 
they  will  jointly  produce  1000  cubic  feet  of  carbonic  acid  in  that 
time.  Let  the  dimensions  of  such  a  building  be  taken  at  80  feet 
long,  50  broad,  and  25  high ;  then  its  cubical  content  will  be 
(80  X  50  X  25)  100,000  cubic  feet.  And  thus  an  amount  of 
carbonic  acid,  equal  to  1*  100th  part  of  the  whole,  wiU  be  com- 
municated to  the  air  of  such  a  building,  in  the  short  space  of  two 
hours,  by  the  presence  of  1200  people,  if  no  provision  is  made 
for  ventilating  it.  And  the  quantity  will  be  greatly  increased, 
and  the  injurious  effects  will  be  proportionably  greater,  if  there 
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is  an  additional  conmmiption  of  oxygen,  produced  by  the  burning 
of  gas-lighta,  lamps,  or  candles. 

337.  Hence  we  see  the  great  importance  of  providing  for 
free  ventilation,  wherever  large  assemblages  of  persons  are  col- 
lected together,  even  in  buildings  that  seem  quite  adequate  in 
point  of  size  to  receive  them ;  and  much  of  the  weariness  which 
is  experienced  after  attendance  on  crowded  assemblies  of  any 
kind,  may  be  traced  to  this  cause.  In  schools,  factories,  and  other 
places  where  a  large  number  of  persons  remain  during  a  consi- 
derable proportion  of  the  twenty-four  hours,  it  is  impossible  to 
give  too  mudi  attention  to  the  subject  of  ventilation  ;  and  as,  the 
smaller  the  room,  the  larger  will  be  ihe prcporiicn  of  carbonic  acid 
its  atmosphere  will  contain,  after  a  certain  number  of  persons  have 
been  breathing  in  it  for  a  given  time,  it  is  necessary  to  take  the 
greatest  precaution,  when  several  persons  are  collected  in  those 
narrow  dwellings,  in  which  unfortunately  the  poorer  classes  are 
compelled  to  reside.  Even  the  want  of  food,  of  clothing,  and  of 
fuel,  are  less  fertile  sources  of  disease,  than  insufficient  ventila- 
tion ;  which  particularly  favours  the  spread  of  contagious  dis- 
eases, by  keeping  in  the  poison,  and  thus  concentrating  it  upon 
those  who  expose  themselves  to  its  influence. 

338.  When  the  quantity  of  carbonic  acid  in  the  air  accumu- 
lates beyond  a  certain  point,  it  speedily  produces  suffocation  and 
death.  This  is  occasioned  by  the  obstruction  to  the  flow  of 
blood  through  the  capillaries  of  the  lungs,  which  takes  place, 
when  it  is  no  longer  able  to  get  rid  of  the  carbonic  acid  with 
which  it  is  charged,  and  to  absorb  oxygen  in  its  stead.  The 
general  principle  to  which  this  stagnation  may  be  referred,  has 
ahneady  been  noticed  (§.  280).  Now,  as  all  the  blood  of  the 
system,  in  warm-blooded  animals,  is  sent  through  the  lungs, 
before  it  is  again  transmitted  to  the  body,  it  follows  that  any 
such  obstruction  in  the  lungs  must  bring  the  whole  circulation 
to  a  stand.  The  functions  of  the  nervous  system  are  directly 
dependent  upon  a  eonttatU  supply  of  arterial  blood  (Chap,  x.) ; 
and  accordingly,  as  the  blood  which  is  sent  to  it  under  such  cir- 
cumstances becomes  more  and  more  venous  in  its  quality,  and  is 
at  the  same  time  diminished  in  quantity,  its  actions  first  become 
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irregular,  producing  violent  conyulsiTe  movements,  and  at  last 
cease  altogether,  the  animal  becoming  completely  insensible.  In 
this  condition,  the  pulmonary  arteries,  the  right  side  of  the 
heart,  and  the  large  veins  which  empty  themselves  into  it,  are 
gorged  with  dark  blood ;  whilst  the  pulmonary  veins,  the  left 
side  of  the  heart,  and  the  arteries  of  the  system,  are  compara- 
tively empty.  Hence  the  action  of  the  right  side  of  the  heart 
comes  to  an  end,  through  a  loss  of  power  in  its  walls,  occa- 
sioned by  their  being  over-distended ;  whilst  that  of  the  left  side 
ceases,  for  want  of  the  stimulus  of  the  contact  of  blood,  by  which 
the  muscular  fibre  is  excited.  If  this  state  be  allowed  to  con- 
tinue, death  is  the  consequence ;  but  if  the  carbonic  acid  in  the 
lungs  be  replaced  by  pure  air,  the  flow  of  blood  through  their 
capillaries  recommences,— >the  right  side  of  the  heart  is  unloaded, 
and  begins  to  act  again, — arterial  blood  is  sent  to  the  left  side, 
and  excites  it  to  renewed  motion, — and  the  same  being  propelled 
by  it  to  all  parts  of  the  body,  their  several  functions  are  restored, 
the  nervous  system  recovers  its  power  of  acting,  and  all  goes  on 
as  before. 

339.  Now  all  these  changes  occur  in  exactly  the  same 
manner,  when  a  warm-blooded  animal  is  made  to  breathe  nitro- 
gen or  hydrogen ;  since  these  gases  do  not  perform  that  which 
it  is  the  office  of  oxygen  to  effect, — the  removal  of  carbon  from 
the  S3rstem,  in  the  form  of  carbonic  acid.  And  they  also  take 
place  in  a  perfectly  pure  atmosphere,  when  the  individual  is 
prevented  from  receiving  it  into  its  lungs,  by  an  obstruction  to 
its  passage  through  the  windpipe,  such  as  that  produced  by 
hanging,  strangulation,  drowning,  &c.  For  the  air  in  the  lungs, 
not  being  renewed,  speedily  becomes  charged  with  carbonic  acid, 
to  an  extent  that  checks  the  circulation  through  their  capillaries; 
and  all  the  consequences  of  this  follow  as  before.  The  most 
efficient  remedy  in  all  such  cases,  is  evidently  that  suggested  by 
the  facts  stated  in  the  last  paragraph, — the  renewal  of  the  air  in 
the  lungs.  This  may  be  accomplished  in  various  wajrs,  such  as 
blowing  into  them  with  the  mouth  or  with  a  pair  of  bellows ; 
but  the  most  effectual  mode,  where  it  can  be  employed,  is  the 
application  of  galvanism,  by  which  the  diaphragm  is  made  to 
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oontract,  and  thus  to  perform  a  nataral  inspiratory  movementy 
which  is  much  more  e£Bcient,  as  well  as  less  injurions,  than  the 
forcible  inflation  of  the  lungs. 

340.     The  ordinary  movements  of  respiration  belong,  like 
those  of  swallowing,  to  the  class  of  reflex  actiont  (§.  195).     We 
have  seen  that,  in  every  such  movement,  a  great  number  of 
muscles  are  called  into  play  simultaneously ;  and  this  is  effected 
by  means  of  the  stimulus  which  is  sent  to  them  from  the  spinal 
cord.     But  this  stimulus  does  not  originate  there  ;  for  it  is  the 
consequence  of  impressions  conveyed  to  the  spinal   cord,  and 
especially  to  its  upper  end,  by  several  nerves, — some  originating 
in  the  lungs,  and  others  in  the  general  surface.     The  nerves 
originating  in  the  lungs  convey  to  the  spinal  cord  the  impression 
produced  by  the  presence  of  venous  blood  in  their  capillaries  :  of 
this  impression,  we  are  not  ordinarily  conscious ;  but  if  we  hold 
our  breatli  for  a  few  moments,  we  become  aware  of  it ;  and  it 
speedily  becomes  so  distressing,  as  to  force  us  to  breathe,  even 
though  we  may  try  to  resist  it  by  an  effort  of  the  will.     The 
impression  conveyed  by  the  nerves  of  the  general  surface,  is 
chiefly  that  produced  by  the  application  of  cold  to  the  skin.     It 
is  this  which  is  the  cause  of  the  first  inspiration  in  the  new- 
bom  infant ;  which  is  not  unfrequently  prevented,  by  the  seclu- 
sion of  its  face  (the  part  most  capable  of  receiving  this  impres- 
pression)  from  the  influence  of  the  air.     Every  one  knows  that, 
when  the  face  is  dipped  into  water,  an  inspiratory  movement  is 
strongly  excited ;  and  the  same  happens  when  a  glass  of  water 
is  dashed  over  the  face.    This  simple  remedy  will  often  put  a  stop 
to  hysterical  laughter,  by  producing  a  long  sighing  inspiration. 
A  still  stronger  tendency  to  draw  in  the  breath  is  experienced, 
in  the  first  dash  of  water  over  the  body  in  the  shower-bath. 
The  respiratory  movements,  in  the  higher  Animals,  are  placed 
under  the  control  of  the  will,  to  a  certain  extent,  because  on 
them  depend  the  production  of  sounds,  and  in  Man  the  actions 
of  speech ;  but  that  they  are  quite  independent  of  the  will,  and 
even  of  sensation,  is  shown  by  the  fact,  that  they  will  continue 
after  the  hrain  has  been  completely  removed,  provided  the  spinal 
cord  and  its  nerves  are  left  without  injury.     In  most  of  the 
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Inveriebnta,  they  are  oonneoted  with  distinct  ganglia,  which 
minister  to  them  alone.  (See  Chap,  x.) 

341.  The  actions  of  sighing^  yawning^  tcbhing^  ka/gkUiffy 
coughingy  and  tneezing^  are  nothing  else  than  simple  modifica- 
tions of  the  ordinary  moYements  of  respiration,  excited  eiilier  by 
mental  emotions,  or  by  some  stimulus  originating  in  the  respira- 
tory organs  themselves.  Sighing  is  nothing  more  than  a  very 
long-drawn  inspiration,  in  which  a  larger  quantity  of  air  than 
usual  is  made  to  enter  the  lungs.  This  is  continually  taking 
place  in  a  moderate  degree,  as  already  noticed  (§.  334);  and  we 
notice  it  particularly,  when  the  attention  is  released  after  having 
been  fixed  upon  an  object,  which  has  excited  it  strongly,  and 
which  has  prevented  our  feeling  the  insufficiency  of  the  ordinary 
respiratory  movements.  Hence  this  action  is  only  occasionally 
connected  with  mental  emotion.  Yawning  is  a  still  deeper 
inspiration,  which  is  accompanied  by  a  kind  of  spasmodic  con- 
traction of  the  muscles  of  the  jaw,  and  also  by  a  very  great 
elevation  of  the  ribs,  in  which  the  shoulders  and  arms  partake. 
The  purely  involuntary  character  of  this  movement  is  some- 
times seen  in  a  remarkable  manner  in  cases  of  palsy;  in  which 
the  patient  cannot  raise  his  shoulder  by  an  effort  of  the  will,  bnt 
does  so  in  the  act  of  yawning.  Nevertheless  the  action  may  be 
performed  by  the  will,  though  not  completely;  and  it  is  one  that 
is  particularly  excited  by  an  involuntary  tendency  to  imitation, 
as  every  one  must  have  experienced,  who  has  ever  been  in  com- 
pany with  a  set  of  yawners,  Sobhing  is  the  consequence  of  a 
series  of  short  convulsive  contractions  of  the  diaphragm ;  and  it 
is  usually  accompanied  by  a  closure  of  the  glottis ;  so  that  no  air 
really  enters.  In  hiocupy  the  same  convulsive  inspiratory  nove- 
ment  occurs ;  and  the  glottis  closes  suddenly  in  the  midst  of  it ; 
and  the  sound  is  occasioned  by  the  impulse  of  the  column  of  ur 
in  motion,  against  the  glottis.  In  Laughing^  a  precisely  reverse 
action  takes  place ;  the  muscles  of  expiration  are  in  oonvulnve 
movement,  more  or  less  violent,  and  send  out  the  breath  in  a 
series  of  jerks,  the  glottis  being  open.  This  sometimes  goes  on 
until  the  diaphragm  is  more  arched,  and  the  chest  more  com- 
pletely eniptied  of  air,  than  it  could  be  by  an  ordinary  move- 
ment of  expiration.     The  act  of  Crying^  though  occasioned  by  a 
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eoBtiary  emotion  is,  so  far  as  the  respiration  is  concerned,  Tery 
nearly  the  same.  We  all  know  the  e£fect  of  mixed  emotions, 
in  prodndng  something  *'  between  a  langh  and  a  cry/' 

342.  The  purposes  of  the  acts  of  coughing  and  tneezing  are, 
in  both  instances,  to  expel  substances  from  the  air-passages,  which 
are  sources  of  irritation  there ;  and  this  is  accomplished  in  both, 
by  a  violent  expiratory  effort,  which  sends  forth  a  blast  of  air 
fipom  the  lungs.  Coughing  occurs,  when  the  source  of  irritation 
is  situated  at  the  back  of  the  month,  in  the  trachea,  or  bronchial 
tubes.  The  irritation  may  be  produced  by  acrid  vapours,  or  by 
liquids  or  solids,  that  have  found  their  way  into  these  passages ; 
or  by  secretions  which  have  been  poured  into  them  in  unusual 
quantity,  as  the  result  of  disease ;  and  the  latter  will  be  the  more 
likely  to  produce  the  effect,  from  the  irritable' state  in  which  the 
lining  membrane  of  the  air-pas3ages  already  is.  The  impression 
made  upon  this  membrane  is  conveyed  by  the  nerves  spread  out 
beneath  its  surface,  to  the  spinal  cord ;  and  the  motor  impulses 
are  sent  to  the  different  muscles,  which  combine  them  in  the  act 
of  coughing.  This  act  consists,  1st,  in  a  long  inspiration,  which 
fills  the  lungs ;  2nd,  in  the  closure  of  the  glottis  at  the  moment 
when  expiration  commences ;  and,  3rd,  in  the  bursting  open  (as 
it  were)  of  the  glottis,  by  the  violence  of  the  expiratory  move- 
ment, so  that  a  sudden  blast  of  air  is  forced  up  the  air-passages, 
carrying  before  it  anything  that  may  offer  an  obstruction.  The 
difference  between  coughing  and  Sneezing  consists  in  this, — ^that 
in  the  latter,  the  communication  between  the  larynx  and  the 
month  is  partly  or  entirely  closed,  by  the  drawing  together  of 
the  sides  of  the  veil  of  the  palate  over  the  back  of  the  tongue ; 
to  that  the  blast  of  air  is  directed  more  or  less  completely  through 
the  nose,  and  in  such  a  way  as  to  carry  off  any  source  of  irrita* 
tion  that  may  be  present  there. 

343.  Besides  serving  for  the  aercUion  of  the  blood,  the  respi- 
ratory organs  of  Animals,  like  those  of  Plants,  have  the  power 
of  throwing  off,  or  exhaling^  a  considerable  amount  of  watery 
vapour;  and  also  (under  certain  conditions)  of  absorbing  it. 
Every  one  is  aware  that  the  air  he  breathes  forth  contains  a  large 
quantity  of  vapour;   this  is  not  perceptible  in  a  warm  atmo- 
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sphere,  because  the  watery  particles  remain  dissoWed  in  it,  and 
do  not  affidct  its  transparency ;  but  in  a  cold  atmosphere,  they 
are  no  longer  held  in  suspension,  and  consequently  present  the 
appearance  of  fog  or  steam.  The  quantity  of  fluid  which  thus 
passes  off  is  by  no  means  trifling, — ^probably  not  leas  than  from 
16  to  20  ounces  in  the  twenty-four  hours.  A  portion  of  it  un- 
doubtedly proceeds  from  the  moist  lining  of  the  mouth,  throat, 
Sco, ;  but  the  greater  part  is  thrown  off  by  the  lungs  themselves. 
Various  substances  of  an  odoriferous  character,  which  have  been 
taken  into  the  blood,  manifest  their  presence  in  this  exhalation ; 
thus  turpentine,  camphor,  and  alcohol,  communicate  their  odour 
to  the  breath  ;  and  when  the  digestive  system  is  out  of  order,  the 
breath  frequently  acquires  a  disagreeable  taint,  from  the  recep- 
tion of  putrescent  matters  into  the  blood. 

344.  It  has  been  ascertained  by  experiment,  that,  when  a 
very  warm  atmosphere  loaded  with  dampness  is  breathed,  there 
is  rather  an  absorption  than  an  exhalation  of  aqueous  vapour ; 
and  the  same  may  probably  take  place  in  a  less  degree,  in  an 
ordinary  atmosphere,  when  the  body  has  been  drained  of  its  fluid. 
In  this  manner,  perhaps,  we  are  partly  to  account  for  the  extra- 
ordinary increase  in  weight  which  the  body  undergoes,  by  ab- 
sorption from  the  atmosphere,  under  peculiar  circumstances 
(§.  220).  That  absorption  may  take  place  through  the  lungs, 
is  evident,  also,  from  the  effects  upon  the  system  of  certain  gases, 
which  act  as  violent  poisons,  even  when  respired  in  very  small 
proportion.  Thus  a  Bird  is  speedily  killed  by  breathing  air, 
which  contains  no  more  than  l-1500th  part  of  sulphuretted 
hydrogen  ;  and  a  Dog  will  not  live  long  in  an  atmosphere  con- 
taining l-800th  part  of  this  gas.  The  effects  of  carburetted 
hydrogen  are  similar ;  but  a  larger  proportion  is  required  to 
destroy  life.  Both  these  gases  are  given  off  by  decomposing 
animal  and  vegetable  matter;  the  neighbourhood  of  which  is 
consequently  very  injurious  to  health. 


CHAPTER  VII. 

OF  SECRETION. 

General  Purposes  of  the  Secreting  Process. 

345.     We  have  seen  that  the  hlood,  in  the  course  of  its  cir* 
cttlatioii,  not  only  deposits  the  materials  that  are  converted  into 
the  several  fabrics  of  which  the  body  is  composed,  but  also  takes 
up  into  itself  the  products  of  the  decomposition,  which  is  con- 
tinually going  on  in  its  various  parts ;  and  it  is  to  replace  this,  that 
the  constant  Nutrition  of  the  tissues  is  required.     In  order  that 
the  hlood  may  retain  its  fitness  for  the  purposes  to  which  it  is 
destined,  it  is  requisite  that  these  products  should  be  drawn  off 
from  the  current  of  the  circulation,  as  constantly  as  they  are  re- 
ceived into.it ;  and  this  is  accomplished  by  the  various  processes 
of  Secretion,  which  are  continually  taking  place  in  different 
parts  of  the  body.     The  uninterrupted  performance  of  these  is 
even  more  essential  to  the  maintenance  of  life  than  the  uninter- 
rupted supply  of  nutritive  materials ;  for  an  animal  may  continue 
to  exist  for  some  time  without  the  latter,  but  it  speedily  dies  if 
either  of  the  more  important  secretions  be  checked.    We  have  a 
striking  instance  of  this  in  the  case  of  the  Respiration,  which 
may  be  regarded  as  a  true  function  of  Secretion,  having  for  its 
object  to  set  free  Carbonic  acid  from  the  blood  in  a  gaseous  form, 
— ^thereby  contributing  to  the  introduction  of  Oxygen  into  the 
hlood,  for  the  various  important  actions  to  which  that  element  is 
mihiervient,  especially  the  maintenance  of  Animal  Heat.  (Chap. 
IX.)     The  effects  of  a  suspension  of  the  respiratory  process, 
even  for  a  few  minutes,  in  a  warm-blooded  animal,  have  been 
shown  (§.  338)  to  be  certainly  and  speedily  fatal ;  and  they  are 
aa  certainly  &tal  in  the  end  in  cold-blooded  animals,  though  a 
longer  time  is  requbed  to  produce  them. 
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346.  A  distinction  may  be  not  improperly  made  between 
the  trae  iecretions^  which  are  substances  elaborated  or  separated 
from  the  blood,  not  so  much  to  purify  it,  as  to  answer  some  pur- 
pose in  the  animal  economy ;  and  the  excretions^  whose  sole  <xt 
principal  object  is  to  carry  off  substances  that  cannot  be  retained 
in  the  blood,  consistently  with  the  maintenance  of  its  purity. 
The  former  vary  considerably  in  the  different  classes  of  Animals ; 
the  latter  are  the  same,  as  to  their  essential  characters  at  leasts 
through  the  whole  Animal  kingdom,  and  for  this  it  is  not  difficult 
to  find  a  reason.  It  will  be  remembered  that  the  ultimate 
elements  of  the  Animal  tissues  are  four  in  number :  oxygen, 
hydrogen,  carbon,  and  nitrogen ;  and  that  the  materials  which 
make  up  the  chief  part  of  the  fabric  of  different  classes  of  animals 
-^albumen,  fibrin,  gelatin,  and  fatty  matter— contain  these  ele- 
ments united  in  constant  proportions,  from  whatever  source  we 
obtain  them.  Hence  we  should  expect  to  find  the  products  of 
their  decomposition  also  the  same ;  and  this  is,  for  the  most  part, 
the  case.  Of  these  four  ingredients,  oxygen  can  never  be  said 
(in  the  healthy  state  at  least)  to  be  superfluous  in  the  body ;  for 
a  large  and  constant  supply  of  it  is  required,  to  unite  with  the 
others  and  carry  them  off  in  their  altered  conditions.  Thus,  unless 
oxygen  were  continually  introduced  into  the  system,  for  the  sake 
of  uniting  with  the  carbon  that  is  to  be  thrown  off  by  Respi- 
ration, that  excretion  must  be  checked  ;  and  it  is  required,  in 
like  manner,  for  uniting  with  hydrogen  to  form  water,  and  with 
compounds  of  nitrogen  to  form  urea.  Hence  there  is  no  need  of 
an  organ  to  carry  off  the  superfluous  oxygen ;  but  an  origan  to 
introduce  it  is  rather  required ;  and  this  purpose,  as  we  have 
seen,  is  answered  by  the  Respiratory  apparatus.  But  we  find 
organs  of  excretion  specially  destined  to  carry  off  the  carbon,  hy- 
drogen, and  nitrogen,  which  are  set  free^  under  various  forms,  by 
the  decomposition  of  the  tissues.  Thus  the  Respiratory  organs, 
as  we  have  seen,  throw  oSoMrbon  in  the  form  of  earbomc  add, 
and  hydrogen  which  has  been  in  like  manner  united  with  oxygen 
so  as  to  form  wtUer.  On  the  other  hand,  the  Liver  has  for  its 
office  to  separate  the  same  elements  from  the  blood  in  a  different 
form,  throwing  them  off  in  the  condition  of  a  peculiar  faUit 
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matter,  which  consiats  almoet  entirely  of  carbon  and  hydrogen. 
The  function  of  the  liyer  is  the  most  active,  when  that  of  the 
respiratory  organs  is  least  so,  and  vies  ver^d.  Of  this  we  shall 
presently  meet  with  some  remarkable  examples  (§.  365). 
Lastly,  the  Kidne3r8  have  for  their  chief  object  to  throw  off  the 
azotised  compounds  which  result  firom  the  decomposition  of  the 
tiflsaes ;  these  contain  a  very  large  proportion  of  azote  or  nitrogen, 
which  is  united  with  the  other  elements  into  the  crystalline  com- 
pounds, urea^  and  urie  or  lUhic  acid,  the  latter  of  which  is 
usually  thrown  off  in  combination  with  ammonia. 

347.  It  is  obvious  that,  when  an  animal  has  retained  its  usual 
weight  for  any  length  of  time  without  change,  the  total  weight 
of  its  excretions  must  be  equivalent  to  the  total  weight  of  the 
solids  and  fluids  taken  in.  If  these  last  have  been  no  more  in 
amount  than  was  absolutely  necessary  for  the  maintenance  of  the 
body  during  that  period,  all  the  azotised  portions  of  the  food  was 
first  appropriated  to  the  formation  of  the  azotised  tissues ;  whilst 
tile  non-azotised  portion  was  used  up  in  maintaining  the  respiration 
(§.  157).  Consequently,  no  part  of  the  food  would  pass  at  once 
into  the  biliary  and  urinary  excretions ;  and  these  would  have 
no  other  function,  than  to  separate,  or  strain  off,  as  it  were,  the 
products  of  the  decomposition  of  the  tissues  formed  from  it,  when 
their  term  of  life  had  expired  (§.  161).  But  it  is  certain  that 
Man  (as  well  as  other  animals  which  have  in  some  degree 
learned  his  habits)  frequently  consumes  much  more  food  than  is 
necessary  for  the  supply  of  his  wants,  and  a  little  consideration 
will  show,  that  the  surplus  must  pass  off  by  these  excretions, 
without  ever  forming  part  of  the  living  fabric ;  for  new  muscu- 
lar ttssue  is  not  formed  in  proportion  to  the  quantity  of  aliment 
nipplied,  but  in  proportion  to  the  demand  created  by  the  exer- 
cise of  it  (§.  589) ;  consequently,  if  more  food  is  taken  in,  than  is 
necessary  to  supply  that  demand,  no  use  can  be  made  of  it.  We 
never  find  that  a  Man  becomes  more  fle$hy  by  eating  a  great 
^eal  and  taking  little  exercise ;  indeed  the  very  contrary  result 
happens.  But  let  him  put  his  muscles  to  regular  and  vigorous 
cxerdse,  and  eat  as  much  as  his  appetite  demands,  and  they  will 
tiien  increase  both  in  strength  and  bulk. 

n  2 
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348.  Hence,  if  mors  azoti9ed  food  be  taken  in,  tban  is 
required  to  supply  the  waste  of  the  muscular  and  other  azotised 
tissues,  the  surplus  must  be  carried  off  by  the  organs  of  excre- 
tion^-chiefly,  indeed  almost  entirely,  by  the  Kidneys.  By 
throwing  upon  them  more  than  their  proper  duty,  they  become 
disordered,  and  unable  to  perform  their  functions;  hence  the 
materials  which  they  ought  to  separate  from  the  bloody  accumu- 
late in  it,  and  give  rise  to  various  diseases  of  a  more  or  less 
serious  character,  which  might  have  been  almost  certainly  pre- 
yented  by  due  regulation  of  the  diet.  The  most  common  of 
these  diseases  among  the  higher  classes  are  Gout  and  Gravel ; 
both  of  these  may  be  traced  to  the  same  cause, — the  accumula- 
tion in  the  blood  of  lithic  acid,  which  results  from  the  decompo- 
sition of  the  superfluous  azotised  food,  and  which  the  kidneys  are 
not  able  to  throw  off  in  the  proper  state, — ^that  is,  dissolved  in 
water.  That  these  diseases  are,  comparatively  speaking,  rare 
among  the  lower  classes,  is  at  once  accounted  for  by  the  fact, 
that  they  do  not  take  in  any  superfluous  azotised  food ; — all  that 
they  consume  being  appropriated  to  the  maintenance  of  their 
tissues,  and  the  kidneys  having  only  to  discharge  their  proper 
function  of  removing  from  the  blood  the  products  of  the  decom- 
position of  these.  Hence  the  radical  cure  of  these  diseases,  in 
most  f>er8ons  who  have  a  sufficiently  vigorous  constitution  and 
firm  resolution  to  adopt  it,  is  abstinence  from  all  azotised  nutri- 
ment— whether  contained  in  animal  flesh,  bread,  or  other  arti- 
cles of  vegetable  diet, — but  such  as  is  required  to  supply  the 
wants  of  the  system. 

349.  The  case  of  the  late  Dr.  James  Gregory,  a  celebrated 
Professor  and  Physician  of  Eldinburgh,  is  an  apposite  illnstratioD 
of  the  importance  of  this  precept.  He  was  descended  frt>m  a 
decidedly  gouty  family;  and  between  the  ages  of  23  and 
30,  he  himself  suffered  frt>m  several  attacks.  By  using  active 
exercise,  however,  avoiding  all  excesses,  and  using  moderation  in 
diet  (although  he  did  not  abstain  from  animal  food)  during  a 
period  of  twenty  years,  he  so  completely  overcame  the  dispon- 
tion  to  the  disease,  that  all  symptoms  of  it  disappeared  in  the 
latter  part  of  his  life.     If  such  abstinence  be  carried  too  fiur. 
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however,  it  will  produce  injurious  instead  of  beneficial  results, 
weakening  the  system,  and  impairing  tbe  digestiye  powers ;  and 
if  food  be  employed  of  a  kind  wbicb  is  liable  to  produce  ladie 
add  (tbe  acid  tbat  appears  in  milk,  when  it  turns  sour),  much 
disorder  may  still  remain,  which  must  be  avoided  by  using  the 
kind  of  diet  tbat  is  least  liable  to  undergo  this  change. 

350.  Again,  if  more  non-azotUed  food  is  taken  into  the 
Bfsiem  than  can  be  got  rid  of  by  Respiration^  it  must  either  be 
deposited  as  fat,  or  it  must  be  separated  from  the  blood,  and 
carried  off  by  tbe  excretion  of  the  Liver.  If  too  much  work  be 
thrown  upon  this  organ,  too,  its  function  becomes  disordered, 
from  its  inability  to  separate  from  the  blood  all  that  it  should 
draw  off;  the  injurious  substances  accumulate  in  the  blood, 
therefore,  producing  various  symptoms  that  are  known  under 
tbe  general  term  of  Inliow;  and  to  get  rid  of  these,  it  becomes 
necessary  to  adminbter  medicines  (especially  those  of  a  mer- 
curial character)  which  shall  excite  the  liver  to  increased  secre- 
tion. The  constant  use  of  these  medicines  has  a  very  pernicious 
effect  upon  the  constitution,  and  careful  attention  to  the  regu- 
lation of  tbe  diet,  and  especially  the  avoidance  of  a  superfluity 
of  oily  or  farinaceous  matter,  will  answer  the  same  end  in  a 
much  better  manner. 

351 ,  That  the  materials  of  the  biliary  and  urinary  excretions 
exist  (like  the  carbonic  acid  thrown  off  by  respiration)  ready 
formed  in  the  blood,  being  taken  up  by  it  in  the  course  of  its 
circulation, ->  and  that  the  function  of  the  Liver  and  Kidneys  is 
(like  that  of  the  Lungs  in  regard  to  carbonic  acid)  to  teparate 
them,  and  not  to  form  them, — has  now  been  fully  proved.  The 
quantity  of  them  present  in  the  circulating  fluid,  however,  is 
usually  very  small;  for  the  simple  and  obvious  reason  that,  if  the 
excreting  organs  are  in  a  state  of  healthy  activity,  these  substances 
are  drawn  off  by  them  from  the  blood,  as  fast  as  they  are  intro- 
duced into  it.  But  if  the  excretions  are  checked,  they  speedily 
accumulate  in  the  blood,  to  such  a  degree,  as  to  be  easily  detected 
by  the  Chemist,  and  also  to  make  their  presence  evident  by 
their  effects  upon  the  animal  functions,  especially  those  of  the 
nervous  system.     This  sometimes  happens  in  consequence  of 
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disease,  and  it  may  be  imitated  by  experiment ;  for  when  the 
tmnk  of  the  blood-yessel,  conveying  the  blood  to  the  liver  or 
kidney,  is  tied,  the  excretion  is  necessarily  checked,  and  the 
same  results  take  place  as  when  the  stoppage  has  resulted  firom 
want  of  secreting  power.  The  biliary  and  urinary  matters  have 
the  eflfect  of  narcotic  poisons  upon  the  brain ;  when  they  have 
accumulated  in  the  blood,  their  symptoms  begin  to  mamfesi 
themselves;  and  they  increase  in  intensity,  as  the  amount  of 
these  substances  is  augmented,  until  death  takes  place. 

362.     It  is  unnecessary  to  say  mora  then,  to  prove  the  great 
importance  of  the  functions  of  Excretion  in  the  Animal  Economy; 
and  the  necessity  of  carefully  attending  to  them.    The  various 
Secretiani  which  are  formed  in  different  parts  of  the  body,  have 
not  so  much  for  their  object  the  purification  of  the  blood,  as 
certain  purposes  which  are  to  be  answered  by  them  in  the  animal 
economy.     Thus  we  find  the  Salivary  and  Gastric  fluids  poured 
into  the  mouth  and  stomach,  for  the  reduction  and  solution  of 
the  food  (§.  190  and  204)  ;  the  Lachrymal  secretion  poured  out 
upon  the  surface  of  the  eye,  for  the  purpose  of  washing  it  firom 
impurities  (§.  540) ;  the  secretion  of  Milk  in  Mammalia,  for 
the  nourishment  of  the  young  ;  and  various  poisonous  secretions 
in  Serpents  and  Insects,  for  the  destruction  of  their  prey  or  for 
means  of  defence.     Any  one  of  these  may  be  checked,  with- 
out rendering  the  blood  impure  by  the  accumulation  of  any 
substances  that  should  be  drawn  off  from  it ;  but  its  cessation 
may  produce  effects  fully  as  injurious,  by  disordering  the  func- 
tion to  which   it  is  subservient.     Thus,  if  the   salivary  and 
gastric  secretions  were  to  cease,  the  reduction  of  the  food  could 
not  be  effected,  and  the  animal  must  starve,  though  its  stomach 
were  filled  with  wholesome    aliment.     It  is  to   be  observed 
in  regard  to  nearly  all  these  secreted  fluids,  that  they  contain 
but  a  small   quantity  of  solid  matter,   and  that  this  matter 
strongly  resembles  the  ordinary  constituents  of  the  blood,  espe- 
cially albumen.     Hence  we  may  believe  that  these  secretions 
are  formed  by  the  several  organs  which  elaborate  them ;  and 
that  they  do  not  pre-exist  as  such  in  the  blood. 
353.    The  various  acts  of  Secretion  and  Excretion  which  are 
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oontinually  taking  place  in  the  Uving  body,  are,  like  those  of 
Nntrition,  completely  removed  from  the  influence  of  the  tuill ; 
but  they  are  strongly  affected  by  emotions  of  the  mind.  This 
has  been  already  pointed  out  in  regard  to  the  saliva  (§.  190)  ; 
and  it  is  equally  evident  in  the  case  of  the  lachrymal  secretion 
(§.  540).  In  these  instances,  however,  the  effect  of  the  emotion 
is  manifested  upon  the  quantity  only  of  the  secretion ;  in  the  case 
of  Uie  secretion  of  Milk,  not  only  the  quantity  but  the  gtiality  is 
greatly  influenced  by  the  mental  state  of  the  nurse.  The  more 
even  her  temper,  and  the  more  firee  from  anxiety  her  mind,  the 
better  adapted  will  be  her  milk  for  the  nourishment  of  her  off- 
spring* There  are  several  instances  now  on  record,  in  which  it 
has  been  clearly  shown,  that  the  influence  of  violent  passions  in 
the  mother  has  been  so  strongly  exerted  upon  the  secretion  of 
milk,  as  almost  instantaneously  to  communicate  to  it  an  abso- 
lutely poisonous  character,  which  has  occasioned  the  immediate 
death  of  the  child.*  The  influence  of  the  emotions  upon  the 
Secretions  is  probably  communicated  by  the  Sympathetic  system 
of  Nerves  (§.  461 ),  which  is  very  minutely  distributed,  with  the 
blood-vessels,  to  the  several  glands  which  form  them. 

Nature  of  the  Secretin^  Process, — Structure  of  the  Secretin^ 

Organs, 

354.  Notwithstanding  the  different  characters  of  the  products 
of  Secretion  and  Excretion,  and  the  variety  of  the  purposes  to 
which  they  are  destined  to  be  applied,  the  mode  in  which  they 
are  elaborated  or  separated  from  the  blood  is  essentially  the  same 
in  all.  The  process  is  performed,  in  the  Animal,  as  in  the  Plant,. 
by  the  agency  of  cells  ;  and  the  variety  of  the  structure  of  the 
different  glands^  or  secreting  organs,  has  reference  merely  to  the 
manner  in  which  these,  their  essential  parts,  are  arranged.  The 
simplest  condition  of  a  secreting  cell,  in  the  animal  body,  is  that 
in  which  it  exists  in  Adipose  or  fatty  tissue ;  which  is  composed, 
as  formerly  explained  (§.  44),  of  a  mass  of  cells,  bound  together 
by  areolar  tissue,  which  allows  the  blood-vessels  to  gain  access 

*  8«e  the  Author's  Principlci  of  Homan  Phytiology,  Chap.  vii. ;  and  Dr.  A. 
Combe  on  the  Management  of  Infiincy,  Chap.  x. 
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to  them.  Every  one  of  these  oells  has  the  power  of  secreting  or 
separating  fatty  matter  firom  the  blood ;  and  the  secreted  product 
remains  stored  np  in  its  cavity,  as  in  PLints  (Ybobt.  Phts. 
§.  361) — ^not  being  poured  forth,  as  it  is  in  most  other  cases,  by 
the  subsequent  bursting  of  the  cell. 

355.  But  when  the  secreting  cells  are  disposed  on  the  snrfiMo 
of  a  membrane,  instead  of  being  aggregated  in  a  mass,  it  is  obvious 
that,  if  they  burst  or  dissolve  away,  their  contents  will  be  poured 
into  the  cavity  bounded  by  that  membrane ;  and  this  is  the  mode 
in  which  secretion  ordinarily  takes  place.  Thus,  the  mtttfons 
membranei  (§.  38)  are  covered  with  ipkhelium-^l»^  which  have 
the  power  of  separating  the  peculiar  glairy  viscid  substance 
termed  muetUy  from  the  blood  which  is  distributed  to  the  mem- 
brane beneath  them.  They  are  continually  being  cast  off,  and 
are  replaced  as  constantly  by  a  fresh  crop  of  cells,  developed  from 
germs  contained  in  that  membrane ;  and  the  cells  of  each  crop, 
as  they  are  cast  off,  pour  forth  their  contents,  which  thus  cover 
the  whole  surface  of  the  membrane  with  a  layer  of  viscid  fluid, 
that  serves  for  its  protection.  In  parts  of  the  membrane  where 
it  is  necessary  that  the  secretion  should  be  peculiarly  abundant, 
we  find  its  secreting  surface  greatly  increased,  by  being  prolonged 
into  vast  numbers  of  little  pits  or  bags,  termed /o/ZieiM,  which  are 
lined  with  epithelium-cells,  that  resemble  those  of  itB  general 
surface  (see  Fig.  2).  These  epithelium-cells,  in  the  progress  of 
their  development,  draw  into  themselves  certain  products  from 
the  blood  ;  and  when  they  have  attained  their  full  growth,  they 
are  cast  off,  and  pour  forth  their  contents,  either  by  dissolving 
away,  or  by  bursting.  Such  follicles  are  very  abundant  along 
the  whole  alimentary  canal  of  Man ;  and  there  is  good  reason  to 
believe  that  a  new  crop  of  cells  is  developed  in  them,  every  time 
that  the  digestive  process  takes  place  (§.  39). 

356.  Now,  although  the  most  important  Secretions  and 
Excretions  are  elaborated,  in  Man  and  the  higher  animals,  by 
organs  of  a  much  more  complex  structure,  yet  in  the  lower  we 
find  them  produced  by  follidet^  which  are  formed  exactly  upon 
this  plan.  Thus  in  the  little  Bateerbankia,  (§.  134)  the  bile  is 
secreted  by  minute  follicles  which  are  lodged  in  the  walls  of  the 


sTBOcntftB  or 

b  (Fig.  77>  0>  *^^  V^"^  ^^^^  Mcretioii  separately  into  its 
CftTity,  baving  no  commnnicatioii  with  one  another.     The  glan- 
dnUr  apparatos  which  snrrouoda  the  alimentaiy  canal  in  the 
Wheel-Animalcule  (fig.  59,  A,  h)  seems  to  be  made  up  of 
•imilar  foUiclea,  having  separate  openings  into  the  cavity.      Id 
more  complex  forms  of  the  same  organ,  howevra,  several  follicles 
open  together  Into   a  tnbe,  whirh   either  pours  its  contents 
directly  into  the  alimentary  canal,  ornnitea  with  other  tubes  to  do 
so.    The  condition  of  sncb  a  glandular  organ  very  mnch  resembles 
Uiat   of   a   bunch    of 
gnpee;  as  is  seen  in 
Fig.    158,   which  re- 
presents the  stmotare 
of  the  Parotid  gland 
(one   of  the  salivary 
glands)  of  Man.    The 
main  stalk  is  the  duct 
into    which     all    the 
others    enter;     from 
this    pass  off   several 
bnncbes,    and    these 

again  give  off  smaller       Fn>.  in.— ImuTi  Smmvni  or  x  CaHnam 
twigs,  the  extremities  """  '™"    *"""'■ 

of  which  enter  the  minute  follicles  in  which  the  secretion  is 
formed.  These  follicles  are  lined,  as  in  their  simple  condition, 
with  cells,  which  are  the  essential  instruments  in  the  production 
of  the  secretion  ;  the  fluid  which  they  separate  is  ponred,  by  the 
giving  way  of  their  walls,  into  the  small  canals  proceeding  from 
the  follicles,  thence  into  the  larger  branches,  and  finally  into  the 
main  trunk,  by  which  it  is  carried  into  the  situation  where  it  is 
to  be  employed  or  from  which  it  is  to  pass  out.  The  Liver  will 
be  seen  to  possess  a  atmctnre  exactly  resembling  this,  in  the 
Cmstacea,  by  referring  to  Fig.  48  (/o)  ;  and  in  the  Molluscs  it 
is  nearly  the  same  (Figs.  14,  /,  and  142,/). 

357,  The  required  extent  of  secreting  surface  is  not  unfre- 
qnently  given,  however,  by  the  prolongation  of  the  follicles  into 
tabes,  rathet  than  by  a  great  multiplication  in  their  number.    Of 
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tbifl  VTO  have  a  ramarkable  example  is  the  Kidney  of  tlie  higher 
auimala,  whioh  U  entirely  oompoaed  of  such  tnbee,  uid  of  the 
^  Mood-Tosselfl  distribntiBd  amongst  them. 

g  a    If  we  make  a  Tertical  section  of  the  kid- 

*  ney  of  Man  or  any  of  the  higher  Uam- 

'  malia,  (Fig.  159,  A)  we  find  that  it  seema 
4  composed  of  two  di^rent  robetanoes,  one 
aurronnding  the  other;  to  the  onter,  a, 
the  name  of  eorfieo^  (bark-like)  snbetance 
has  been  given;  whilst  the  iimer,  i,  ia 
termed  raeduihry  (or  pith-like).  In  the 
^  B    cortical  substance,  no  definite  arrangemoit 

can  be  detected  by  the  naked  eye;  it 
chiefly  conusts  of  a  very  intricate  network 
of  blood-vessels,  surroimding  the  extremi- 
ties of  the  tnbes.  Bot  in  the  mednllsry 
substance  we  can  trace  a  regular  passage 
^  of  minute  tubes,  from  the  circnmferenee 

towards  the  centre.    They  commence  in 
ni  Kiiurai  er  Hvi.       '^^  midst  of  tlie  network  of  blood-vessels 
A,T«uatiHiiuonof  the    (B,  a),  and  then  pass  down  in  clnsters, 
WMw  '  fc'  tubuUr  "b^    nearly  in  a  straight  direction,  and  slightly 
•tan»l  c.  niyi  ud  pel-    Converging  towards  each  other,  until  each 
B,'  [nirtim  "i  uiii  triud    cluster  terminates  in  a  little  body,  called 
Ibi^iSifB™  "t^'^  ft'    **'®  '"'y*  "'  ""P'  *'*'*'''  discharges  the 
■tnight  pnrti™ :  I,  I'heir    fluid  it  receives  into  the  large  cavity  of 
t™ni«n™fath.«ijx.       j^^  i\d„ej,  termed  the  pdmt,  or  basin 
(A,  c).    From  this  it  is  conveyed  away  by  the  ureter,  t£ — These 
tubes,  like  the  follicles,  are  lined  with  epithelium -cells,  which  are 
the  real  iDBtruments  in  the  production  of  their  secretion. 

358.  That  there  ie  nothing  in  the/orm  of  the  secreting  appa- 
ratus, however,  which  determines  the  peculiar  nature  of  its  secre- 
tion, is  evident  from  this  fact, — that,  in  glancing  through  the 
Animal  series,  we  find  the  same  !«ecret!on  elaborated  by  glandular 
structures  of  every  variety  of  form.  Thus,  we  have  seen  tiiat  the 
bile  is  secreted,  in  the  lowest  animals  in  which  we  can  distinguidi 
it,  by  a  number  of  distinct  follicles,  as  umple  in  their  stmctnre 


STBCOTUBB  OF   GLAHSB.  279 

u  an  those  by  which  the  mnoons  secretions  an  formed  in  the 

highest.     But  in  Insects,  the  bile  is  secreted  by  a  small  nanbar 

of  long  tubes,  which  open  into  the  in- 
testinal cuul  jost   below    tbe    stomach 

(Fig.  110);  uid  these  tubes  appuently 

differ  in  do  respect  from  those  that  fbrm 

the  urinary  wcretioii  in  the  same  animals, 

which  open  nearer  the  outlet  of  the  intes- 
tinal canal.    In  fact,  the  distinct  function 

of  the  Utter  was  not  known,  until  it 

was  ascertained  that  uric  acid  is  to  be 

found  in  them.     In  Fig.  160,  which  re-  j 

presents  the    digestive  apparatus  of  the  | 

Coclc-ch^er,  it  is  seen  that  the  biliary 

Tessels  ore  only  foar  in  number,  but  ore 

very  long ;  and  that,  for  a  good  part  of 

their  length,  they  are  beset  with  a  series 

of  short  tabes   opening  &om  them,  by 

which  the  extent  of  secreting  surface  is 

much  increased. — On    the   other   hand, 

although  the  urtnary  secretion  is  gener-  Fh).is(l— DumnviArnu- 

ally  formed    by  long  tubes,  yet  in  the 

MoUnsca  it  is  secreted  by  follicles,  according  to  the  general  plan 
of  their  glandular  structnree. 

359.  The  secreting  cells  not  unfirequently  possess  the  power 
of  elaborating  a  peculiar  ootonring  matter,  ^ther  separately, 
or  along  with  the  substances  which  seem  more  characteristic  of 
the  secretion.  Thus  tbe  ink  of  the  Cuttle-fish  is  in  reality  its 
urine,  charged  with  a  quantity  of  block  matter  formed  in  the 
pigment-cells  [%  533)  that  line  its  ink-hag;  and  the  corres- 
ponding secretion  in  other  MoUusca  is  rendered  purple  by  the 
same  cause.  The  bile  seems  to  be  universally  tinged  with  a 
yellow  colouring  matter,  which  may  be  regarded,  therefore,  as 
an  essential  part  of  the  secretion  ;  in  some  herbivorous  quadru- 
peds it  bos  a  green  hue,  and  the  colouring  matter  by  which 
this  is  given,  appears  to  be  identical  with  that  conbuned  in  the 
vegetable  tissues  on  which  they  feed. 
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360.  It  appean,  then,  that  the  different  secreting  cells  haye 
the  power  of  eh&borating  a  great  variety  of  products ;  and  thai 
no  essential  differences  can  be  discovered  in  the  stmctnre  of  the 
glands  into  whose  composition  they  enter,  which  can  account  for 
that  variety.  We  are  entirely  ignorant,  therefore,  of  the  reason 
why  one  set  of  cells  should  secrete  biliary  matter,  another  nzea, 
another  a  colouring  substance,  and  so  on ;  but  we  are  m  ignorant 
of  the  reason  why,  in  the  parti-coloured  petal  of  a  flower,  the 
cells  of  one  portion  should  secrete  a  red  substance,  whilst  those 
in  immediate  contact  with  it  form  a  yellow  or  blue  colouring 
matter ;  and  we  know  a»  little  of  the  cause,  which  occasions  one 
set  of  the  cells  of  which  the  embryo  is  composed,  to  be  converted 
into  muscular  tissue,  another  into  cartilage,  and  so  on.  Although, 
therefore,  there  is  a  limit  to  our  knowledge,  beyond  which  it  does 
not  at  present  seem  probable  that  we  shall  ever  pass,  it  is  an 
important  step  to  have  attained  the  general  principle,  that,  in 
Animals  as  in  Plants,  the  process  of  secretion  is  performed  by 
edli ;  the  difference  being  that,  in  the  latter,  the  secreted  pro- 
ducts remain,  for  the  most  part,  stored  up  within  the  cells,  which 
form  part  of  the  general  fabric ;  whilst  in  the  former,  the  secret- 
ing cells  are  generally  subject  to  continual  death  and  renewal,  ao 
as  to  cast  the  products  they  have  elaborated,  into  channels,  by 
which  they  may  be  carried  out  of  the  body.  But  the  fai  of 
Animals,  as  already  mentioned  (§•  44),  is  an  instance  of  a  mass  of 
secreting  cells  remaining  unchanged  in  the  midst  of  the  body. 

361.  One  of  the  most  curious  points  in  the  Physiology  of 
Secretion,  is  the  interchange  which  sometimes  occurs  in  the 
functions  of  particular  glands.  When  the  operation  of  some  one 
gland  is  checked  or  impaired  by  disease,  it  not  unfreqnently 
happens  that  another  gland,  or  perhaps  only  a  secreting  surface, 
will  perform  its  functions  more  or  less  perfectly ;  this  happens 
most  frequently  in  regard  to  the  important  Excretions,  as  if 
Nature  had  especially  provided  for  their  continued  separation 
from  the  blood,  that  its  purity  may  be  unceasingly  maintained. 
Thus  the  urinary  secretion  has  been  passed  off  from  the  surfaces 
of  the  skin,  stomach,  intestines,  and  nasal  cavity,  and  also  firom 
the  mammary  gland ;  the  colouring  matter  of  the  bile,  when  it 
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accDmnlates  in  the  blood  (aa  in  janndice)  ie  separated  from  it  in 
the  ikin  and  conjunctival  meDibrane  of  the  eye  (g.  537)  i  and 
milk  has  been  poured  forth  from  pnstulea  on  the  skin,  and  horn 
the  salivary  glands,  kidneys,  &c.  Such  cases  have  been  re- 
garded as  fabnlons ;  but  they  rest  upon  good  authority,  and  they 
are  quite  consistent  with  physiological  principles.  For  a  little 
connderation  will  show  that,  as  the  membrane  which  lines  the 
stomach  and  intestinal  tube  is  but  a  prolongation  of  that  which 
forms  the  external  surface  of  the  body  (§.  14),  so  the  membrane 
that  lines  the  tubes  and  follicles  of  which  the  glands  are  com- 
posed, is  bnt  a  prolongaUon  or  extension  of  tlie  former.  Kow 
we  have  seen  that,  in  the  lowest  animals,  the  liniog  membrane 
of  the  stomach,  and  that  which  covers  the  surface,  may  he  made 
to  take  the  places  of  each  other,  without  detriment  to  their 
napecUve  operations  (§.  14) ;  and  it  is  not  incredible,  therefore, 
that  the  Tarions  divisions  of  the  secreting  surface,  which  ordina- 
rily have  separate  duties  to  perform,  should  be  able,  under 
psrticniar  oircnmstancee,  to  take  on,  to  a  certain  degree,  each 
other's  functions. 

362.     Some  of  the  main  dncts  or  channels,  through  which 
the  glands  pour  forth  their  secretions,  are  provided  with  enlarge- 
ments or  receptacles,  which  serve  to  retain  and  store  up  the 
floid  for  a  time,  until  it  may  be  desirable 
or  convenient  that  it  should  be  dischai^ed. 
Thns,  in  most  of  the  higlier  animals,  the    " 
duct  which  conveys  into  the  intestinal  tube 
the  bile  secreted  by  the  liver,  is  also  con-     » 
nected  with  a  receptacle  termed  the  ffoU- 
Hadder;  the  bile,  as  it  is  secreted,  passes  into     e 
this,  and  is  retuned  there  until  it  is  wanted 
for  aansting  in  the  digestive  process  (§.  312) ;     a 
when  it  is  pressed  out  into  the  intestinal 
canal.     It  is  a  cnrions  Eaot,  that  in  most    Fin.  isi—rnniixv  at. 
penons  who  die  of  starvation,    the  gall-  a.i,idneT^r»runiBn;  c 
Madder  is  found  distended  witii  bile ;  show-  «««»:  d^it^i»i.  th* 
ing  th»t  the  secretion  has  continued,  but 
that  it  has  not  been  poured  into  the  intestine  for  want  of  the 
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stimulus  occasioned  by  the  presence  of  food  in  the  latter.  In 
many  quadrupeds,  especially  those  of  the  Ruminant  tribe,  the 
milk-ducts  are  in  like  manner  dilated  into  a  large  receptacle,  the 
udder,  which  retains  the  'secretion  as  it  is  formed,  until  the 
period  when  it  is  needed.  In  all  Mammalia,  and  in  some 
Reptiles,  MoUusca,  and  Insects,  but  not  in  Birds  or  Fishes,  we 
find  the  ureterty  which  conyey  away  the  urinary  excretion, 
dilated  at  their  lower  extremity  into  a  bladder  (Fig.  161),  which 
serves  to  retain  all  the  fluid  that  is  poured  forth  by  the  gland 
during  a  considerable  length  of  time,  and  thus  to  preyent  the 
necessity  for  its  being  continually  passed  out  of  the  body. 

Characteri  of  Particular  Seeretiom. 

363.  In  regard  to  the  particular  characters  of  the  yarions 
secretions,  and  the  structure  of  the  organs  by  which  they  are 
respectively  formed,  it  would  be  unsuitable  to  the  character  of 
the  present  work  to  enter  into  any  detail ;  but  it  will  be  de- 
sirable to  notice  some  of  the  more  important  circumstances  ccm- 
nected  with  the  chief  of  them. 

364.  The  Bils^  which  is  secreted  by  the  Liver,  is  charac- 
terised, as  already  stated  (§.  346),  by  the  presence  of  a  large 
quantity  of  fatty  and  other  matters,  which  are  chiefly  composed 
of  carbon  and  hydrogen.     It  is  difficult  to  determine  the  exact 
characters  of  these;  but  it  seems  pretty  certain  that  <me  of 
them,  at  least,  is  a  cryBtallisable  fatty  substance,  somewhat 
resembling  spermaceti ;  this,  to  which  the  name  of  Cholettmrnu 
has  been  given,  contains  37  equivalents  of  carbon,  and  32  of 
hydrogen,  veith  only  one  of  oxygen,  and  no  aaote.    Now  the 
proportional  amount  and  importance  of  this  excretion  seem  to 
vary  considerably  in  different  classes  of  animals.     In  all,  it 
appears  to  be  concerned  in  the  operation  of  digestion  (§.  212) ;  for 
we  always  find  it  poured  into  the  alimentary  canal,  near  the 
stomach,  instead  of  being  oarried  directly  out  of  the  body,  like 
the  urinary  excretion.    But  whilst  in  some  instances  this  seems 
to  be  almost  its  only  function,  in  others  it  appears  to  have  for 
its  purpose  to  carry  out  of  the   system  a  large  quantity  of 
carbon  and  hydrogen,  of  which  the  respiratory  apparatus  oannol 
get  rid. 
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365.  It  is  a  general  rule,  to  which  there  are  few  if  anj  ex- 
ceptions, that  the  development  and  activity  of  the  Respiratory 
organs  and  of  those  concerned  in  the  secretion  of  Bile,  stand  in  an 
inyerse  proportion  to  one  another,  through  the  whole  animal 
series.  Thus  we  find  in  Insects,  a  respiratory  system  possessing 
enormous  extension  and  activity  of  function,  and  a  liver  so 
slightly  developed,  that  for  a  long  time  it  was  not  recognised  as 
such.  On  the  other  hand,  in  the  Mollusca,  we  find  the  respira- 
tion carried  on  upon  a  lower  plan,  and  with  far  less  activity ; 
bat  the  liver  is  of  enormous  size  (often  making  up  a  large  part 
of  the  bulk  of  the  body),  and  its  secreting  power  is  evidently 
Tery  great.  Moreover,  in  the  Crustacea,  which  are  formed  upon 
the  same  general  plan  with  Insects,  but  which  have  an  aquatic 
and  therefore  less  energetic  respiration,  we  find  the  liver  very 
large,  as  in  the  Mollusca.  In  Reptiles  and  Fishes,  again,  whose 
respiration  and  temperature  are  low,  the  liver  is  comparatively 
Itfger  than  in  Birds  and  Mammalia,  in  which  classes  the  respi- 
nition  is  more  energetic,  and  the  blood  warm.  And  finally,  in 
the  embryo  of  the  latter,  whose  respiration  is  very  imperfect, 
the  liver  is  much  larger,  in  proportion,  than  it  is  in  the  adult  ;* 
its  weight  in  the  new-bom  child  being  about  l-18th  that  of  the 
body,  whilst  in  the  adult  it  is  not  more  than  l-36th.  Hence  the 
conclusion  seems  almost  indisputable,  that  the  superfluous  carbon 
and  hydrogen  of  the  body  are  chiefly  carried  off  by  the  Respi- 
ratory organs,  when  it  is  required  that  the  temperature  of  the 
body  should  be  high,  and  that  oxygen  should  be  introduced  into 
ibe  system  in  large  amount ;  but  that  the  oflBice  of  excreting  them 
devolves  upon  the  Liver,  when  there  is  no  necessity  for  keeping 
np  the  heat  of  the  body,  or  for  making  the  excretion  the  means 
of  introducing  oxygen  (§.  307). 

366.  It  is  a  remarkable  point  in  reference  to  the  secretion  of 
Bile,  that,  in  all  the  Yertebrata,  it  is  formed  from  venom  blood. 
•Rie  veins  of  the  intestines  and  glands  connected  with  them,  as 
^  in  Fishes  the  veins  from  the  tail  and  hinder  part  of  the  body, 

Tbete  &cta  appear  to  the  Author  to  fumuh  an  important  ohjection  to  the  doo- 
^e  of  Liebig^  as  to  the  connexion  between  the  lecretion  of  bile  and  the  retpira- 
*«7l»roceii. 
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unite  into  a  trunk,  the  vena  porta  (§.  266),  which  might  almost 
be  considered  an  artery,  for  it  conveja  the  blood  to  the  liver,  and 
then  subdivides  into  a  set  of  ipinutely-divided  capillaries,  by 
virhioh  the  fluid  is  carried  into  every  part  of  the  substance  of  the 
gland.  From  this  venous  blood,  the  secretion  of  bile  is  formed ; 
and  it  is  not  elaborated  from  the  arterial  blood  that  is  sent  to  the 
liver  for  its  nourishment,  until  this  has  passed  through  the 
capillaries — ^in  which  it  is  rendered  venous.  Hence  it  may  he 
inferred  that  the  materials  from  which  the  bile  is  formed,  pecu- 
liarly exist  in  venoits  blood,  which  has  become  charged,  whilst 
passing  through  the  capillaries,  with  the  products  of  their  decom- 
position, and  needs  to  be  purified  from  these. 

367.  The  Urinary  excretion  has  for  its  chief  purpose  to  throw 
off  those  products,  formed  in  a  similar  manner,  which  are  highly 
charged  with  azote.  The  most  important  of  its  ingredients,  in 
Man  and  the  Mammalia,  is  the  substance  termed  Urea^  which 
has  a  crystalline  form,  and  is  very  soluble  in  water.  It  ood- 
tains  2  equivalents  of  Carbon,  4  of  Hydrogen,  2  of  Azote,  and 
2  of  Oxygen ;  and  it  will  be  seen,  by  referring  to  the  statement 
formerly  given  (§.  21)  of  the  proportions  between  the  elements 
of  albumen  and  gelatin,  that  the  amount  of  azote  in  proportion 
to  that  of  the  other  elements  is  much  greater  in  urea  than  it  u 
in  these  substances,  which  form  the  materials  of  the  animal 
tissues.  The  quantity  of  Urea  which  is  daily  excreted  is  very 
considerable,  the  average  in  an  adult  being  about  an  ounce,  and 
in  a  child  of  8  years  old  about  half  as  much.  There  is  another 
compound  which  does  not  usually  exist  in  large  amount  in  the 
urine  of  the  Mammalia,  but  which  makes  up  a  considerable  part 
of  the  solid  matter  of  this  secretion  in  Birds  and  the  lower 
Vertebrata;  this  is  urie  or  lithic  acid,  which  consiats  of  10 
equivalents  of  Carbon,  4  of  Hydrogen,  4  of  Azote,  and  6  of 
Oxygen.  It  is  almost  entirely  insoluble  in  water,  unless  it  is 
combined  with  ammonia ;  and  in  this  state  it  ordinarily  exists. 
When  formed  in  too  large  quantity,  howevw,  it  may  be  depo- 
sited in  an  insoluble  form,  constituting  gravel  (§.  348);  and  the 
same  effect  may  result  from  the  presence  of  some  other  acid, 
which,  combining  with  the  ammonia,  precipitates  or  seta  firee  the 
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Hthic  acid ;  thus  a  gravelly  depoeit  may  be  found  in  the  urine, 
when  no  undue  amount  of  uric  acid  has  been  secreted,  simply 
because,  by  disordered  digestion  and  nutrition,  there  is  an  im- 
proper formation  of  lactic  acid  in  the  stomach,  or  in  the  blood, 
which  precipitates  the  lithic  acid  in  the  urine. 

368.  One  of  the  moat  interesting  circumstances  in  reference 
to  the  Urinary  secretion,  is  the  very  large  quantity  of  water 
which,  in  the  higher  animals,  is  thus  got  rid  of ;  and  the  means 
by  which  this  is  accomplished.  The  kidneys  seem  to  form  a 
kind  of  regulating  yalve,  by  which  the  quantity  of  water  in  the 
STstem  is  kept  to  its  proper  amount.  The  exhalation  from  the 
akin,  which  is  the  other  principal  means  by  which  this  is 
efiected,  is  liable  to  sustain  great  variations  in  its  amount,  from 
the  temperature  of  the  air  around ;  for  when  this  is  low,  the 
exhalation  is  very  much  diminished ;  and,  when  it  is  high,  the 
qaantity  of  fluid  that  passes  off  in  this  manner  is  increased 
({.  371 ).  Hence  if  there  were  not  some  other  means  of  adjust- 
ing the  quantity  of  fluid  in  the  blood-vessels,  it  would  be  liable 
to  continual  and  very  injurious  variation.  This  important 
foDction  is  performed  by  the  kidneys,  which  allow  such  a  quantity 
of  water  to  pass  into  the  urinary  tubes,  as  may  keep  the  pressure 
within  the  vessels  very  nearly  at  a  uniform  standard.  Hence 
the  quantity  of  water  in  the  urinary  secretion  depends  in  part 
upon  the  amount  exhaled  firom  the  skin, — being  greatest  when 
this  is  least,  and  vice  vend  ; — and  in  part  upon  the  quantity 
which  has  been  absorbed  by  the  vessels.  The  quantity  of  solid 
matter  in  the  secretion  has  but  little  to  do  with  this ;  for  it 
depends  upon  the  amount  of  waste  of  the  muscular  and  other 
tissues  that  has  been  occasioned  by  their  activity  (§.  160) ;  and 
also  upon  the  quantity  of  surplus  aliment,  which  is  discharged 
through  this  channel,  there  being  no  other  vent  for  it  (§.  348). 

369.  The  solid  matter  of  the  urine  is  elaborated,  like  that  of 
other  secretions,  by  the  cells  lining  the  tubes.  But  in  animals 
which  pass  off  a  large  quantity  of  water  through  this  organ, 
there  is  a  distinct  and  very  curious  provision  for  its  separation. 
The  extremity  of  the  uriniferous  tube  is  made  to  include  a  little 
knot  or  bunch  of  capillary  vessels,  which  have  extremely  thin 
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walls ;  and  a  vast  number  of  sach  knots  are  scattered  throngh 
the  cortical  portion  (§.  357)  of  the  kidney.     To  these  the  blood 
which  is  brought  to  the  organ  by  the  renal  artery,  is  first  con- 
veyed ;   and  the  membranes  that  separate  the  interior  of  the 
capillary  vessels  from  the  cavity  of  the  uriniferous  tube,  being  of 
extreme  thinness,  water  is  readily  able  to  traverse  them;  and  will 
do  so  in  larger  or  smaller  quantity,  according  as  the  pressure 
upon  the  walls  of  the  capilUries  is  greater  or  less.     The  blood 
which  has  passed  through  these  is  next  conducted  to  another 
set  of  capillaries,  which  form  a  net-work  upon  the  part  of  the 
tube  that  is  lined  by  the  secreting  cells ;  and  it  is  there  subser- 
vient to  the  elaboration  of  the  solid  part  of  the  secretion,  which 
is  afterwards  set  free  in  the  cavity  of  the  tube,  by  the  bursting 
of  the  ceUs,  and  is  then  dissolved  in  the  fluid  which  has  ahready 
found  its  way  into  the  tube. 

370.  Next  to  the  excretions  formed  by  the  liver  and  the  kid- 
neys, that  of  the  Skin  probably  ranks  in  importance.  A  large 
quantity  of  watery  vapour  is  constantly  passing  off  firom  the 
whole  surface  of  Man  and  other  soft-skinned  animals ;  and  this 
amount  is  greatly  increased  under  particular  circumstances.  It 
will  be  remembered  that,  in  Plants,  a  distinction  was  drawn 
between  the  simple  efsaporation  of  fluid,  which  takes  place  from 
the  necessary  action  of  the  dry  air  upon  the  soft  moist  snrfaoeii 
and  which  would  continue  to  take  place  from  the  mmilar  surfiMS 
of  a  dead  plant, — and  the  exhdUuion^  which  was  described  as  a 
special  function,  performed  by  the  living  plant  only,  and  de- 
pendent as  to  its  activity  on  the  amount  of  light  it  is  exposed  to. 
(Ybobt.  Phys.  §§.  254 — 259).  Precisely  the  same  difference 
exists  in  Animals.  A  continual  evaporation  is  taking  place  from 
the  surface  of  the  skin,  wherever  it  is  not  protected  by  hard 
scales  or  plates;  and  the  amount  of  it  will  depend  upon  the 
warmth,  dryness,  and  motion  of  the  surrounding  air,  exactly 
as  if  the  fluid  were  being  evaporated  firom  a  damp  doth.  Every 
one  knows  that  the  drying  of  a  cloth  is  much  more  n^idly 
effected  in  a  warm  dry  atmosphere,  than  in  a  oold  moist  one ; 
more  quickly,  too,  in  a  draught  of  air,  than  in  a  ntuation  where 
there  is  no  current,  and  where  the  air  is  consequently  soon 
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chai{;ed  with  moisture.  That  all  these  influences  afTect  the 
6Taporation  firom  the  bodies  of  Animals,  there  is  ample  evidence 
derived  firom  experiment. 

371.  But  besides  this  continual  evaporation,  there  is  another 
mode  in  which  loss  of  fluid  takes  place  from  the  surface  of  the 
body.  A  vast  number  of  minute  glands  are  imbedded  in  the 
ikttj  iBjet  just  beneath  the  skin,  and  are  copiously  supplied 
with  blood  by  its  vessels ;  their  ducts  pass  through  it,  twisting 
in  a  spiral  manner,  towards  its  surface,  where  they  open ;  their 
orifice  being  covered  by  a  little  valve  or  flap  of  the  epidermis 
(§.  35)  which  the  fluid  lifts  up,  when  it  is  poured  forth  by  the 
canal.  These  perspiratory  glands  seem  to  be  continually  exha- 
ling fluid,  which  is  dissolved  by  the  atmosphere  and  carried  off 
in  the  state  of  vapour,  so  as  to  pass  away  iiuensihly  ;  but  they 
are  stimulated  to  increased  action  by  the  exposure  of  the  body 
to  heai^  which  causes  them  to  pour  forth  their  secretion  in 
greater  abundance  than  the  air  can  carry  off,  and  this  con- 
sequently accumulates  in  drops  upon  the  surface  of  the  skin. 
The  amount  of  perspiration  may  be  considerably  increased, 
without  its  becoming  tmiihUi  if  the  air  be  warm  and  dry, 
and  is  thus  able  to  carry  off,  in  the  form  of  vapour,  the  fluid 
which  is  poured  out  on  the  skin;  but,  on  the  other  hand,  a 
very  slight  increase  in  the  ordinary  amount  immediately  be- 
comes sensible  on  a  damp  day,  the  air  being  already  too  much 
loaded  with  moisture  to  carry  off  this  additional  quantity.  The 
distinction  between  insensible  and  eeneible  perspiration,  is  not  the 
same,  therefore,  with  the  difference  between  simple  evaporation 
and  exhalation  from  the  skin ;  for  a  part  of  the  latter  is  com- 
monly insensible ;  and  the  degree  in  which  it  is  so,  depends  upon 
the  amount  of  fluid  exhaled,  and  the  state  of  the  surrounding 
atmosphere.  If  the  fluid  thus  poured  forth  be  allowed  to  remain 
upon  the  surface  of  the  skin,  it  produces  a  very  oppressing  effect; 
most  persons  have  experienced  this,  when  walking  in  a  macin- 
toeh  cloak  or  coat,  on  a  damp  day.  The  water-proof  garment 
keeps  in  the  perspiration,  almost  as  effectually  as  it  keeps  otU  the 
rain ;  and  consequently  the  air  within  it  becomes  loaded  with 

x2 
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fluid,  and  the  skin  remains  in  a  most  uncomfortable  as  well  as 
prejudicial  state  of  dampness. 

372.  Although  no  evaporation  from  the  skin  can  take  place 
when  the  surrounding  atmosphere  is  loaded  with  yapour,  the 
secretion  of  the  perspiratory  glands  continues ;  and  does  so  even 
when  the  skin  is  immersed  in  fluid,  provided  the  fluid  be  of 
high  temperature.  Hence  we  see  that  the  conditions  under 
which  it  is  poured  forth  are  peculiar  to  the  living  body  alone, 
and  entirely  differ  from  those  under  which  simple  evaporation 
takes  place.  The  purpose  of  this  watery  exhalation,  and  of  its 
increase  under  a  high  temperature,  is  evidently  to  keep  the 
heat  of  the  body  as  near  as  possible  to  a  uniform  standard.  By 
the  evaporation  of  fluid  from  the  surface  of  the  skin,  a  consider- 
able quantity  of  heat  is  withdrawn  from  it,  becoming  hUeni  in 
the  change  from  fluid  to  vapour  ;  *  of  this  we  make  use  in  ap- 
plying cooling  lotions  to  inflamed  parts.  The  more  rapid  the 
evaporation,  the  greater  is  the  amount  of  heat  withdrawn  in  a 
given  time ;  hence,  if  we  pour,  on  separate  parts  of  the  back  of 
the  hand,  a  small  quantity  of  ether,  alcohol,  and  water,  we  shall 
find  that  the  spot  from  which  the  ether  is  evaporating  feels  the 
coldest,  that  which  was  covered  by  the  alcohol  less  so,  whilst 
the  part  moistened  with  water  is  comparatively  but  little  chilled. 
The  greater  the  amount  of  heat  applied  to  the  body,  then,  the 
more  fluid  is  poured  out  by  the  perspiratory  glands ;  and  as  the 
air  can  carry  it  off  more  readily  in  proportion  to  its  own  heat, 
the  evaporation  becomes  more  rapid,  and  its  cooling  efiect  more 
powerful.  It  is  in  this  manner  that  the,  body  is  rendered 
capable  of  sustaining  very  high  degrees  of  external  heat,  without 
suffering  injury.  Many  instances  are  on  record,  of  a  heat  of  from 
250®  to  280®  being  endured  in  dry  air  for  a  considerable  length 
of  .time,  even  by  persons  unaccustomed  to  a  peculiarly  high  tem* 
perature ;  and  individuals  whose  occupations  are  such  as  to 
require  it,  can  sustain  a  much  higher  degree  of  heat,  though 
perhaps  not  for  any  great  length  of  time.  Thus,  the  workmen 
of  the  late  Sir  F.  Chantrey  were  accustomed  to  enter  a  fomace 
in  which  his  moulds  were  dried,  while  the  floor  was  red-hot, 

*  Sw  Treatise  on  Hrat. 
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and  a  thermometer  in  the  air  stood  at  350^ ;  and  Chabert,  the 
^^  Fire-king,"  waa  in  the  habit  of  entering  an  oven,  whose  tern- 
peratare  was  from  400^  to  600^.  It  is  possible  that  these  feats 
might  be  easily  matched  by  many  workmen,  who  are  habitually 
exposed  to  high  temperatures ;  such  as  those  employed  in  iron- 
foundries,  glass-houses,  and  gas-works. 

373.  That  the  power  of  sustaining  a  high  temperature  mainly 
depends  upon  the  dryness  of  the  atmosphere,  is  evident  from 
what  has  been  just  stated;  since,  if  the  perspiration  that  is 
poured  forth  upon  the  skin  is  not  carried  off  with  sufBcient  rapi- 
dity, on  account  of  the  previous  humidity  of  the  air,  the  tempe- 
rature of  the  body  will  not  be  sufficiently  kept  down.  It  has 
been  found,  from  a  considerable  number  of  experiments,  that 
when  warm-blooded  animals  are  placed  in  a  hot  atmosphere, 
saturated  with  moisture,  the  temperature  of  their  bodies  is 
gradually  raised  12^  or  13°  above  the  natural  standard  ;  and  that 
the  consequence  is  then  inevitably  fatal. 

374.  The  amount  of  fluid  exhaled  from  the  skin  and  lungs 
(§•  343)  in  twenty-four  hours  probably  averages  about  three  or 
four  pounds.  The  largest  quantity  ever  noticed,  except  under 
extraordinary  circumstances,  was  5  lbs.;  and  the  smallest  If  lbs. 
It  contains  a  small  quantity  of  solid  animal  matter,  besides 
that  of  the  other  secretions  of  the  skin  which  arc  mingled  with 
it ;  and  there  is  good  reason  to  think  that  this  excretion  is  of 
much  importance,  in  carrying  off  certain  substances  which  would 
be  injurious  if  allowed  to  remain  in  the  blood.  That  which  is 
called  the  Hydropathic  system  proceeds  upon  the  plan  of  in- 
creasing tlie  cutaneous  exhalation,  to  a  very  large  amount ;  and 
there  seems  much  evidence,  that  certain  deleterious  matters,  the 
presence  of  which  in  the  blood  gives  rise  to  Gout,  Rheumatism, 
&c.,  are  drawn  off  from  it  more  speedily  and  certainly  in  this 
way,  than  in  any  other. 

375.  Besides  the  perspiratory  glands,  the  skin  contains 
others,  which  have  special  functions  to  perform.  Thus  in  most 
parts  which  are  liable  to  rub  against  each  other,  we  find  a  con- 
siderable number  of  iehaceow  follicles,  which  secrete  a  fatty 
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substance  that  keeps  the  skin  soft  and  smooth.*  These  are  abun- 
dant on  the  most  exposed  parts  of  the  face ;  and  their  secretion 
prevents  the  skin  from  dr3ring  np  and  cracking,  which  it  wonld 
be  liable  to  do  under  the  influence  of  the  sun  and  air.  Thej 
are  more  numerous  in  the  skins  of  Negroes,  producing  in  them 
that  oily  sleekness  for  which  they  are  generally  remarkable,  sad 
which  prevents  their  skins  from  suffering  by  exposure  to  a  tro- 
pical sun,  as  would  those  of  Europeans.  Besides  the  sebaceous 
follicles,  the  skin  contains  others  in  particular  parts,  for  secret- 
ing peculiar  substances ;  as,  for  instance,  those  which  form  the 
cerumen^  or  bitter  waxy  substance  that  is  poured  into  the  cans! 
leading  to  the  internal  ear,  for  the  purpose  (it  would  seem)  of 
preventing  the  entrance  of  insects. 

376.  The  secretion  of  Milk  is  important,  not  so  much  to  the 
parent  who  forms  it,  as  to  the  offspring  for  whose  nourishment 
it  is  destined.  It  does  not  seem  to  carry  off  from  the  system  any 
injurious  product  of  its  decompontion  ;  for  it  bears  a  remarkable 
analogy  to  blood  in  the  combination  of  substances  which  it  con- 
tains ;  nevertheless  it  is  found  that,  when  this  secretion  ii  once 
fully  established,  it  cannot  be  suddenly  checked,  without  prodn- 
cing  considerable  disturbance  of  the  general  system.  The  stroe- 
ture  of  the  mammary  gland  closely  resembles  that  of  the  parotid, 
already  described  (§.  956).  It  consists  of  a  number  of  lobules, 
or  small  divisions,  closely  bound  together  by  fibrous  and  areolar 
tissue ;  to  each  of  these  proceeds  a  branch  of  the  milk-ducts, 
together  vnth  numerous  blood-vessels ;  and  the  ultimate  rami- 
fications of  these  ducts  terminate  in  a  multitude  of  little  follicles, 
like  those  shown  in  Fig.  158,  and  about  thesiie  (when  distended 
with  milk)  of  a  hole  pricked  in  paper  by  the  point  of  a  veiy 
fine  pin. 

377.  The  nature  of  the  secretion  of  milk  is  made  evident  by 
the  processes  to  which  we  commonly  subject  it.  When  allowedi 
to  stand  for  some  time,  the  oleaginou9  part,  forming  the  enamy 
rises  to  the  top.    This  is  still  combined,  however,  with  a  certain 

•  It  bM  lately  been  diaeoyered  that,  ewtn  in  penont  of  cleanly  babitSy  eaeb  of 
tbcM  follicles  is  the  reddenee  of  a  minute  inieet  closely  resembling  the  cheese-mtte. 
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quantity  of  albnminouB  matter,  which  forms  a  kind  of  envelope 
ronnd  each  of  the  oil-globules.  In  the  process  of  churning,  these 
envelopes  are  broken ;  and  the  oil-globules  run  together  into  a 
mass,  forming  butter.  In  ordinary  butter,  a  certain  quantity  of 
albuminous  matter  remains ;  which,  from  its  tendency  to  decom- 
position, is  liable  to  render  the  butter  rancid ;  this  may  be  got 
rid  of  by  melting  the  butter  at  the  temperature  of  180°,  when 
the  albumen  will  fall  to  the  bottom,  leaving  the  butter  pure,  and 
much  less  liable  to  change.  In  making  cheuey  we  separate  the 
dUmmincui  portion,  or  coiein,  by  adding  an  acid,  which  coagu- 
lates it.  The  buttermilk  and  whey  left  behind  after  the  sepa- 
ration of  the  other  ingredients,  contain  a  considerable  quantity 
of  sugar,  and  some  saline  matter.  The  proportion  of  these  ingre- 
dients varies  in  different  animals ;  and  also  in  the  same  animal, 
according  to  the  substances  upon  which  it  is  fed,  and  the  quan- 
tity of  exercise  it  takes  (§.  164).  The  amount  of  catein  seems  to 
be  greatest  in  the  milk  of  the  Cow,  Goat,  and  Sheep ;  that  of 
olea^nout  matter  in  the  milk  of  the  Human  female ;  and  that 
of  ntffor  in  the  milk  of  the  Mare.  The  milk  of  the  Cow,  if  a 
portion  of  its  casein  were  removed,  would  resemble  Human  milk 
more  nearly  than  any  other;  and  it  is  therefore  best  for  the 
nourishment  of  Infants,  when  the  latter  cannot  be  obtained. 
The  important  influence  of  mental  emotion  on  this  secretion  has 
already  been  noticed  (§.  353)  ;  and  many  more  instances  might 
be  related,  were  not  the  ordinary  facts  in  regard  to  it  generally 
known. 


CHAPTER  VIIL 

GENERAL  REVIEW  OF  THE  NUTRITIVE  OPERATIONS.— 

FORMATION  OF  TISSUES. 

General  Review  of  the  Nutritive  Openstwne, 

378.  In  the  preceding  Chapters  (iii.  to  v.)  those  processes 
have  heen  described,  by  which  the  alimentarjr  materials,  thai 
constitute  the  raw  material  of  the  tissues,  are  converted  into 
a  fluid  adapted  for  the  Nutrition  of  the  body ;  and  we  then 
(Chaps,  vi.  and  vii.)  considered  those  functions,  by  which  this 
fluid  is  kept  free  from  the  impurities  it  acquires  during  its  circa- 
lation  through  the  body,  and  is  maintained  in  the  state  which 
alone  can  adapt  it  to  the  purposes  it  is  destined  to  fulfil.  These 
purposes  may  be  regarded  as  fourfold.  In  the  firet  place,  the 
Blood  is  destined  to  supply  the  materials  of  the  fabric  of  the 
body ;  which,  as  it  is  continually  undergoing  decay  (§.  54),  re- 
quires the  means  of  as  constant  a  renovation.  Secondly^  the 
Blood  (in  most  animals  at  least)  serves  to  convey  to  the  tissues 
the  supply  of  oxygen  which  is  required  by  them — especially  by 
the  muscular  and  nervous  tissues, — as  a  necessary  stimulus  to  the 
performance  of  their  functions.  Thirdly^  the  Blood  furnishes  to 
tlie  secreting  organs  the  materials  for  the  elaboration  of  the  various 
fluids,  which  have  special  purposes  to  serve  in  the  Animal 
economy, — such,  for  instance,  as  the  Saliva,  Ghistric  Juice,  Milk, 
&c.  And  loitly^  the  Blood  takes  up,  in  the  course  of  its  circu- 
lation, the  products  of  the  waeie  or  decomposition  of  the  various 
tissues,  which  it  conveys  to  the  various  organs, — the  Lungs, 
Liver,  Kidneys,  &c., — destined  to  throw  them  off  by  Excretion. 
The  greater  number  of  these  processes  have  already  been  treated 
of  in  more  or  less  detail.     Those  included  under  the  first  head 
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Were  considered,  in  a  general  form,  in  Chap.  i.  of  this  Treatise. 
Those  which  are  comprehended  under  the  second  head  have  heen 
dwelt  on  in  Chaps,  v.  and  vi. ;  and  will  be  again  noticedj  when 
the  actions  of  the  Nerrous  and  Muscular  tissues  are  described. 
And  the  varied  actions  which  are  included  under  the  third  and 
fourth  classes,  haye  been  discussed  in  the  two  Chapters  which 
precede  the  present  one. 

379.  We  have  now  to  enter,  in  more  detail,  into  the  mode  in 
which  the  circulating  fluid  is  applied  to  the  Nutrition  and  For- 
mation of  the  Tissues ;  but,  before  proceeding  to  this,  it  will  be 
advantageous  to  recapitulate  briefly  the  properties  of  this  fluid, 
and  to  compare  them  with  those  of  the  various  kinds  of  struc- 
ture into  which  its  elements  are  to  be  converted. 

380.  The  circulating  blood  of  Yertebrata  consists  of  a  clear 
fluid,  the  liquor  icmgmnisy  in  which  float  a  vast  number  of  r^ 
oorpuMdeB  (§.  229).  As  these  last,  however,  are  not  present  in 
Invertebrated  animals,  it  is  evident  that  they  cannot  be  essential 
to  the  nutritive  operations  to  which  the  Blood  is  subservient ; 
and  strong  reasons  have  been  given  for  the  belief,  that  they 
minister  to  the  reifiratory  operations,  by  which  oxygen  is  carried 
through  the  capillary  vessels  into  every  part  of  the  system,  and 
carbonic  acid  is,  in  like  manner,  conveyed  away  from  them,  to  be 
set  free  in  the  lungs  (§.  234).  In  considering  the  nutrition  and 
formation  of  the  tissues,  therefore,  we  may  probably  leave  the 
red  corpuscles  out  of  view.  The  liquor  sanguinU  contains  the 
two  animal  substances,  ,/SMn  and  cdbumeny  in  a  state  of  solution ; 
together  with  fatty  matter  and  saline  substances ;  and,  from  some 
recent  inquiries,  it  would  seem  to  contain  gelatin  also,  or,  at  least, 
a  substance  which  may  be  easily  converted  into  gelatin  by  long 
boiling. 

381.  The  Albumen  of  the  blood  is  derived  at  once  from  the 
food  ;  for  it  is  in  this  form  that  all  the  albuminous  portion  of 
the  aliment  is  received  into  the  system,  having  been  reduced  to 
this  condition  by  the  digestive  process,  whatever  may  have  been 
its  previous  character  (§.  16)  ;  and  it  serves  as  the  raw  material, 
from  which  the  other  products  are  elaborated.  Most  of  the 
animal  Secretions  contain  a  greater  or  less  amount  of  albuminous 
matter  ($.  352) ;  but  there  is  no  sufficient  evidence  that  albumen. 
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M  sndi,  ever  enten  into  the  oomposhaoii  of  the  Animal  Tittum.^ 
In  fiMst  it  appean  to  be  incapable  of  undergoing  organiaation, 
nntil  its  condition  baa  been  cbanged  into  that  of  Fibrin.  The 
fonnalioa  of  this  last  snbatanoe  appean  to  be  continually  taUng 
place,  during  the  motion  of  the  drcubtting  fluid  through  the 
Uying  ▼eesels.  It  ia  eridenly  derived  firom  the  albumen  derived 
from  the  food;  and  it  ia  probablj  eUborated  by  the  colourien 
floating  cella,  which  are  found  both  in  the  chyle  and  in  the 
blood  of  Yertebiata,  and  which  exist  in  the  blood  of  the 
Invertebiated  animals  (§.  235,  241).  That  this  Fibrin  is  the 
material,  at  the  expense  of  which  the  organised  &bric  is  chiefly 
if  not  entirely  formed,  seems  highly  probable,  from  a  variety  of 
conriderations  formerly  touched  upon.  It  passes  spontaneoualy, 
in  the  act  of  eooffuhoion  (§.  18),  into  a  r^ular  fibrous  tissue  of 
simple  structure ;  and  all  that  seems  necessary  for  the  complete 
(MyamisaUon  of  this,  is  that  it  should  be  permeated  by  vessels, 
which  may  frumish  it  with  the  materials  of  its  growth  and  reno- 
vation. We  shall  presently  find  that  the  formation  of  blood-^ 
vessels  takes  place,  in  all  instances,  tubieptmUfy  to  the  first  produc- 
tion of  a  tissue,  and  is  consequentiy  not  essential  to  it  (§.  992). 
382.  It  has  been  shown  (Chap.  I.)  that  the  tissues  which 
originate  in  this  manner,  are  those  which  have  functions 
simply  meekanieal^ — such  as  affording  support,  resisting  strains, 
or  imparting  elasticity.  But  the  tissues  which  possess  endow- 
ments peculiarly  vital, — that  is  to  say,  entirely  different  from 
the  physical  properties  of  inorganic  matter,  and  manifested 
only  by  a  living  organised  tissue, — are  formed  in  a  diffident 
manner ;  being  either  permanently  composed  of  cells,  or  having 
their  origin  in  them^  and  undergoing  a  subsequent  transform- 
ation. We  have  seen,  in  preceding  chapters  (rv.  and  vi.), 
that  the  selection  of  alimentary  materials  from  the  chyme, 
and  their  introduction  into  the  blood,  is  accomplished  by 
the  agency  of  celU,  which  rapidly  grow,  and  disappear  again  as 
rapidly ;  and  that  the  selection  from  the  blood  of  the  materiab 
of  the  secretions  is  accomplbhed  in  the  same  manner.     These 

*  Phytiologiats  have  been  accustomed  to  speak  of  tlio  atbuminous  titstiet ;  tnit 
the  Author  believes  that  be  is  justified  id  asserting,  tlitt  no  ehemieal  dfitferencr 
ezisU,  hy  which  albumen  and  fibrin  can  be  certainly  distiognished. 
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processes  are  of  a  nature  pecnliarly  vital;  as  we  cannot  imagine 
them  to  be  in  any  way  dependent  npon  the  pkyncal  properties 
of  matter ;  the  same  may  be  said  of  the  agency  of  the  floating 
cellB  of  the  chyle  and  blood,  in  converting  albumen  into  fibrin  ; 
and  of  the  red  corpuscles  in  elaborating,  from  the  fluid  which 
surrounds  them,  the  peculiar  substance  they  contain.  All  these 
processes  have  reference  only  to  the  nutritive  actions,  or  organic 
life  (§.  4)  of  the  being ;  and  their  essential  nature  is  the  same, 
as  we  have  already  seen,  in  the  Plant  and  in  the  Animal.  There 
is  this  interesting  circumstance  to  be  observed  in  regard  to  them, 
— ^that  the  action  of  every  cell  is  independent  of  that  of  its 
fellows,  yet  that  by  the  wonderful  adaptation  of  their  several 
properties  (of  which  we  can  give  no  account  whatever,  except 
that  it  is  the  will  of  the  Creator),  they  all  work  together  for  one 
general  end,  the  maintenance  of  the  bodily  fabric, 

383.  On  the  other  hand,  the  Muscular  and  Nervous  tissues, 
which  are  subservient  to  the  actions  of  animal  life,  although 
originally  formed  from  cells,  have  a  very  difierent  structure 
when  complete.  It  is  easy  to  see  that,  so  long  as  cells  remain 
isolated  from  each  other,  they  exist  as  so  many  distinct  indivi- 
duals,— performing,  it  may  be,  the  very  same  operations, — ^but 
doing  ibis  independently  of  one  another.  Now  the  very  nature 
of  the  animal  functions  requires,  that  the  actions  of  the  several 
parts  of  the  tissues  which  perform  them,  should  be  most  inti- 
mately connected ;  thus,  when  an  impression  is  made  upon  any 
part  of  the  surface  of  the  body,  it  has  to  be  ifuianianeowly  com- 
municated to  the  brain  ;  or  an  effort  of  the  will,  acting  through 
the  brain,  has  to  call  into  immediate  operation  a  large  amount  of 
muscular  tissue.  We  could  not  conceive  these  functions  to  be 
performed  by  a  number  of  isolated  cells ;  and  we  find,  in  fact, 
that  the  muscular  and  nervous  tissues  are  composed  of  tubes, 
containing  substances  that  are  peculiar  to  each  respectively 
(§.  428  and  578).  These  tubes  originate,  like  the  duets  of 
plants  (Veget.  Phys.  §.  82),  in  cells  laid  together  end  to  end, 
the  partitions  between  which  have  broken  down  ;  and  the  depo- 
nts  that  are  found  within  them,  on  which  their  peculiar  proper- 
ties seem  to  depend,  are  formed  at  a  subsequent  time. 
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384.  We  see,  theo,  that  all  the  Animal  tiasaes  may  be  con- 
sidered as  taking  their  origin  in  fibrin, — either  directly  in  the 
fibrous  network  formed  by  its  coagnbition,  or  indirecUy  in  the 
cells  which  are  developed  at  its  expense.  The  question  next 
arises, — ^what  is  the  origin  of  these  cells  ? 

385.  There  is  sufficient  reason  to  belieye  that  every  living 
being  is  developed  from  a  germ  ;  no  organised  structure  being 
able  to  take  its  origin  (as  some  have  supposed)  in  a  chance  com* 
bination  of  inorganic  elements.  All  the  facts  relating  to  the 
production  of  Fungi  and  Animalcules,  which  have  been  imagined 
to  favour  this  doctrine,  may  be  satisfactorily  explained  in  other 
ways  (Veget.  Phys.  §.  60, 51).  Now  the  first  structure  deve* 
loped  from  this  germ,  in  the  Animal  as  in  the  Plant,  is  a  nmple 
cell;  and  the  entire  fabric  subsequently  formed,  however  complex 
and  various  in  structure,  may  be  considered  as  having  had  itA 
origin  in  this  cell.  The  cells  of  Animals,  like  those  of  Plants, 
multiply  by  the  development  of  new  cells  within  them ;  each  of 
these  becomes  in  its  turn  the  parent  of  others ;  and  thus,  by  a 
continuance  of  the  same  process,  a  mass  consisting  of  any  number 
may  be  produced  from  a  single  one.  It  is  in  this  manner  that 
the  first  development  of  the  Animal  embryo  takes  place,  as  will 
be  shown  hereafter  (Chap.  xv).  A  globular  mass,  containing 
a  large  number  of  cells,  is  formed  before  any  diversity  of  parts 
shows  itself;  and  it  is  by  the  subsequent  development,  from  this 
mass,  of  different  sets  of  cells, — of  which  some  are  changed  into 
cartilage,  others  into  nerve,  others  into  muscle,  others  into  vessels, 
and  so  on, — that  the  several  parts  of  the  body  are  ultimately 
formed.  Of  the  cause  of  these  transformations,  and  of  the  regu-* 
larity  with  which  they  take  place  in  the  different  parts,  according 
to  the  type  or  plan  upon  which  the  animal  is  constructed,  we 
are  entirely  in  the  dark ;  and  we  may  probably  never  know 
much  more  than  we  do  at  present. 

386.  When  once  the  several  forms  of  tissue  are  developed, 
their  nutrition  ia  kept  up  by  the  supply  of  their  respective 
materials,  which  they  derive  from  the  blood.    Each  tissue  draws 
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from  the  blood  that  which  it  requires ;  and  as  some  portions  of 
it  undergo  decomposition,  others  are  newly  formed.  The  germs 
of  these  newljr-formed  parts  may  be  supplied  in  some  instances 
by  the  blood,  in  others  by  the  tissues  themselves ;--K>n  this  subject 
nothing  certain  can  be  at  present  stated.  Where  the  new  struc- 
ture merely  replaces  that  which  has  been  remoyed  by  death  and 
decay,  it  is  probable  that  its  germs  are  furnished  by  the  part 
itself,  drawing  the  materials  of  their  development  from  the  blood; 
just  as  the  cell  of  the  Red  Snow  or  Yeast  Plant,  whilst  itself 
dying,  sets  free  the  contained  granules,  which  become  the  germs 
of  new  cells,  obtaining  their  nourishment  from  the  air  and 
moisture  around  (Veobt.  Phts.  §.  424).  But  where  an  entirely 
new  structure  is  being  formed,  as  in  the  process  to  be  presently 
described  (§.  393),  it  is  probable  that  the  blood  both  furnishes 
the  germs  and  the  materials  for  their  development. 

387.  Though  all  the  tissues  derive  the  materials  of  their 
development  from  the  blood  which  circulates  in  the  vessels,  yet 
there  is  considerable  variety  in  the  mode  in  which  the  supply  is 
afforded;  some  tissues  being  supplied  with  blood  much  more  copi- 
ously and  directly  than  others,  in  consequence  of  the  greater 
minuteness  with  which  the  capillaries  are  distributed  through 
their  substance.  There  are  several,  indeed,  into  which  no  blood- 
veasels  enter,  in  their  natural  state ;  but  which  derive  their 
nutriment  by  absorbing  the  Uquor  sanguinis  that  is  brought  into 
their  neighbourhood.  This  is  the  case,  for  instance,  with  the 
epithelium  and  epidermis  (§.  35,  39) ;  the  cells  of  which 
are  developed  at  the  expense  of  the  fluid  which  they  absorb, 
through  the  basement  membrane  on  which  they  lie,  from  the 
vessels  of  the  skin  or  mucous  membrane  beneath  it.  In  like 
manner,  even  the  thick  layer  of  Cartilage  which  covers  the  ends 
of  most  of  the  long  bones,  is  destitute  of  blood-vessels ;  and  the 
small  amount  of  nourishment  it  requires,  is  obtained  by  absorp- 
tion from,  the  vessels  which  surround  it  (f .  45).  This  tissue 
undergoes  very  little  change  from  time  to  time ;  and  its  growth 
takes  place  chiefly  by  addition  of  new  matter  to  its  surface ; 
consequently  there  is  no  necessity  for  any  active  circulation 
through  its  interior;  and  the  transmission  of  nutritive  fluid  from 
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one  cell  to  another  (as  in  the  oellnkr  tissae  of  Plants)  is  auf- 
ficient  for  its  wants.     Even  in  Bone,  the  blood-yeesels  an  not 
very  minutely  distributed ;  for  although  there  is  a  doee  netwoik 
of  capillary  vessels  on  the  membrane  lining  the  Haversian  cansk 
and  the  cells  of  the  areolar  straoture  (§.  47),  yet  none  of  these 
pass  into  the  actual  substance  of  the  bone.     The  Fibrom  tiasoeB 
are,  for  the  most  part,  but  sparingly  supplied  with  blood-vesseU, 
as  they  are  but  little  liable  to  decay  or  injury ;  but  the  delicate 
areolar  tissue,  which  is  continually  undergoing  change,  reouveB 
a  larger  quantity  of  blood,  being  traversed  by  capillary  vessels 
in  every  direction.     It  is  by  its  means  that  blood-vesseb  are 
conveyed  into  the  Adipose  tissue ;  for  the  ultimate  elemoits  of 
that  tissue,  namely,  the  fat  cells,  are  surrounded  by  capillaiy 
vessels,  not  entered  by  them.     The  same  important  purpose  is 
answered  by  the  areolar  tissue  that  lies  amongst  the  tubes  which 
form  the  essential  parts  of  the  nervous  and  muscular  tissues ;  for 
these  tubes  are  not  perforated  by  vessels,  so  that  their  contents 
must  be  nourished  by  fluid  absorbed  through  their  walls. 

388.  In  no  instance  that  we  are  acquainted  with,  in  the 
higher  animals  at  lea^t,  do  the  vessels  directly  pour  the  blood 
into  any  tissue,  for  the  purpose  of  nourishing  it.  Unless  there 
have  been  an  actual  wound,  which  has  artificially  opened  the 
blood-vessels,  no  fluid  can  escape  from  them  into  the  substance 
traversed  by  the  capillaries,  except  by  transuding  the  walla  of 
the  latter ;  and  hence  it  would  seem  impossible,  that  any  of  the 
floating  cells  contained  in  the  blood,  can  be  deposited  in  the 
tissues  and  contribute  to  their  development.  The  liquor  jon- 
ffuinii  seems,  therefore,  to  furnish  all  that  is  wanting  for  this 
purpose ;  and  it  readily  permeates  the  waUs  of  the  capillaries, 
the  basement  membrane,  and  any  other  of  the  softer  tissues,  so 
as  to  arrive  at  the  parts  where  it  is  to  be  applied.  As  it  is 
withdrawn  from  the  blood,  it  is  continually  being  re-formed  firom 
the  food ;  hot  if  it  be  not  supplied  in  sufficient  quantity  by  the 
latter,  the  nutrition  of  the  body  cannot  take  place  with  its 
proper  energy.  The  same  result  happens,  if  its  fibrin  is  not 
properly  elaborated.  The  tissues  are  imperfectly  nourished; 
and  the  strength  of  the  body,  and  the  vigour  of  the  mindy  are 
consequently  alike  impaired. 


NATXJ&B  OP   T1JB£RC17LAR   DISEASE.  299 

389.  This  imperfect  elaboration  seems  to  be  the  essential 
condition  of  one  of  the  most  destmctive  diseases  to  which  the 
human  frame  is  liable, — that  commonly  known  as  CoDsumption. 
This  is,  however,  bnt  one  out  of  several  diseases,  which  may 
result  from  the  same  state  of  constitution.  If  the  fibrin  of  the 
blood  be  imperfectly  elaborated,  it  is  less  fit  to  undergo  organis- 
ation ;  and  consequently,  instead  of  being  converted  into  living 
tissue,  part  of  it  is  deposited  as  an  unorganisable  mass,  in  the 
state  known  to  the  Medical  man  as  Tubercle.  Such  deposits 
take  place  more  frequently  in  the  lungs  than  in  any  other  part ; 
and  besides  impeding  the  circulation  and  respiration,  they  pro- 
duce irritation  and  inflammation,  in  the  same  manner  as  other 
substances  imbedded  in  the  tissues  would  do ;  so  that  the  issue, 
although  often  postponed  for  a  time,  is  almost  invariably  fatal, 
when  once  tubercular  matter  has  been  deposited  in  the  lungs. 
Microscopic  examination  of  tubercular  matter  shows  that  it 
consists  of  half-formed  cells,  fibres,  &c.,  together  with  a  granular 
substance,  which  seems  to  be  little  else  than  coagulated  albumen. 
The  only  manner  in  which  any  curative  means  can  be  brought 
to  bear  upon  this  terrible  scourge,  is  by  attention  to  the  consti- 
tutional state  from  which  it  results.  This  is  sometimes  heredi- 
tary; and  is  sometimes  induced  by  insufficient  nutrition,  habitual 
exposure  to  cold  and  damp,  long-continued  mental  depression,  &c. 
The  treatment  must  be  directed  to  the  invigoration  of  the  system 
by  good  food,  active  exercise^  pure  air,  warm  clothing,  and  cheer- 
ful occupations ;  and  by  the  due  employment  of  these  means,  at 
a  sufficiently  early  period,  many  valuable  lives  may  be  saved, 
which  would  have  otherwise  fallen  a  sacrifice  to  tubercular  dis- 
ease. For  the  earnestness  with  which  he  has  directed  general 
attention  to  this  important  topic,  the  British  public  are  much 
indebted  to  the  writings  of  Sir  James  Clark. 

390.  There  is  another  remarkable  class  of  diseases  resulting 
from  a  disordered  condition  of  the  nutritive  processes, — those, 
namely,  of  a  caneeraui  nature.  The  peculiarity  of  the  structure 
of  the  various  forms  of  Cancer  consists  in  this, — ^that  they  are 
composed  of  cells,  sometimes  of  a  globular  form,  sometimes 
elongated  or  spindle-shaped,  having  a  power  of  rapid  multiplica^ 
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tion,  mnd  not  capable  of  changing  into  any  otber  kind  of  tissoe. 
It  is  this  rapidity  of  increase,  combined  with  the  tendency  which 
the  diseased  growth  has,  to  appear  in  one  part  of  the  body  when 
remoTed  from  another,  which  gives  to  these  diseases  their  pecu- 
liar character  of  mal^^nan^.  When  a  truly  cancerous  growth 
has  once  established  itself  in  any  part  of  the  body,  it  may  increase 
to  any  extent,  obtaining  its  nourishment  from  the  blood-vessels 
in  its  neighbourhood,  and  destroying  the  surrounding  parts  by 
its  pressure,  and  by  drawing  off  their  supply  of  nourishment. 
When  it  has  deyeloped  itself  to  a  considerable  d^rree,  the  Sur- 
geon is  disinclined  to  remoye  it ;  knowing  that  the  disease  will 
probably  make  its  appearance  in  some  other  part  of  the  body. 
It  is  probable  that  this  extension  of  it  is  due  to  the  oonyeyanoe 
of  some  of  the  germs  of  the  Cancer-cells,  by  the  blood,  to  distant 
parts  of  the  body ;  in  the  same  manner  as  the  genns  of  the 
peculiar  Mould,  which  oonstitntes  the  Muscardine  of  Silk -worms, 
are  conveyed  through  tMr  bodies  (Ybgbt.  Phts.  $.  54).  Can- 
cerous diseases  may  be  propagated,  like  Muscardine,  by  inocula- 
tion from  one  animal  to  another ;  by  which  operation,  some  of 
the  cell-germs  are  transplanted,  as  it  were,  into  a  new  soiL 

391.  From  the  foregoing  facts  it  is  evident,  that  the  opera- 
tions of  Nutrition  are  due,  on  the  one  hand,  to  the  independent 
properties  of  the  several  tissues,  which  draw  from  the  blood  the 
materials  of  their  continued  growth  and  renewal ;  and,  on  the 
other,  to  the  properties  of  the  blood,  which  supplies  them  with 
these  materiak.  The  blood,  left  to  itself,  could  form  no  tisBue 
more  complex  than  a  mere  fibrous  network  :  and  the  various 
elaborate  tissues  of  the  body  could  not  of  themselves  select  and 
assimilate  their  nourishment,  and  are  consequently  dependent 
upon  the  blood  for  their  supply.  We  may  illustrate  the  relation 
between  the  three  states, — that  of  aliment,  blood,  and  organised 
tissue, — ^by  comparing  them  with  the  three  principal  states  which 
Cotton  passes  through,  in  the  progress  of  its  manufacture, — 
namely,  the  raw  cotton,  spun-yam,  and  woven  fttbric.  The 
spun-yam  could  not  of  itself  assume  that  particular  arrange- 
ment which  is  given  to  it  by  the  loom ;  and  the  loom  could 
make  nothing  of  the  raw  cotton,  until  it  has  been  spun  into  yam. 
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392.  It  is  also  evident,  that  the  blood-vessels  have  no  other 
purpose  in  the  act  of  Nutrition,  than  to  convey  the  circulating 
fluid  into  the  neighbourhood  of  the  part  where  it  is  to  be 
employed  :  and  the  blood,  or  at  least  its  organisable  portion,  the 
liquor  umguxnii^  must  quit  the  vessels,  before  it  can  be  employed 
in  the  development  of  new  tissue.  We  might  illustrate  this  by 
the  distribution  of  water-pipes  through  a  city ;  they  might  pass 
into  every  house,  nay  into  every  room  ;  and  yet  the  water  must 
be  drawn  from  the  pipes,  before  it  can  be  applied  to  any  required 
purpose.  The  spaces  un traversed  by  vessels  have  been  shown 
to  be  larger  in  some  tissues,  and  smaller  in  others ;  the  distribu> 
tion  of  the  capillaries  being  more  minute,  in  proportion  as  the 
nutritive  actions  of  the  part  go  on  more  energetically.  Now  in 
the  embryo,  even  of  the  most  complex  and  perfect  animals,  there 
is  a  period  when  no  blood-vessels  exist,  the  whole  mass  being 
made  up  of  cells,  every  one  of  which  lives /or  itself  and  by  itself, 
absorbing  nutriment  from  a  common  source,  and  not  at  all  depen- 
dent upon  its  brethren.  It  is  only  when  a  diversity  of  structure 
begins  to  show  itself, — one  part  undergoing  transformation  into 
bone,  another  into  muscle,  and  so  on, — and  when  some  portions 
of  the  fabric  are  cut  off  from  the  direct  supply  of  nourishment, — 
that  vessels  begin  to  show  themselves.  These  are  formed  like 
the  ducts  of  Plants,  by  the  breaking  down  of  the  partitions 
between  contiguous  cells ;  and  they  bear  a  close  resemblance,  at 
an  early  period,  to  the  vessels  through  which  their  nutritious 
sap  or  latex  circulates  through  their  tissues  (  Veoet.  Phys.  §.  87). 

393.  When  an  entirely  new  structure  is  to  be  formed, — as  for 
tlie  closure  of  a  wound,  the  union  of  a  broken  bone,  or  the  repair 
of  any  other  injury, — ^the  process  is  of  a  kind  very  much  resem- 
bling the  first  development  of  the  entire  fabric.  The  neighbour- 
ing vessels  pour  out  their  liquor  sanguinis^  which  is  known  to 
the  Surgeon  under  the  name  of  coagtdable  lymph  ;  this  fills  up 
the  open  space ;  and,  when  it  coagulates,  it  forms  a  connecting 
medium  between  the  separated  parts.  It  would  appear  that, 
when  coagulating  upon  a  liting  surface,  the  fibrin  contained  in 
this  fluid  assumes  a  more  perfect  arrangement,  than  that  which 
it  usually  presents  when  it  coagulates  out  of  the  body  ;  for  the 
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Ijmph  wfakfa  is  thus  poured  oat  sooo  b^ins  to  diow  a  regular 
organintion  ;  fibres  and  cdb  first  ^ypear  in  it ;  some  of  theoeUs 
npeedHy  break  down  into  Tessda^  wbidi  form  oonnectioBB  with 
tbose  in  the  nearest  liTing  part ;  the  blood  begins  to  circalate 
throngh  the  newly-forming  tissne ;  and  in  time,  soch  a  diange 
takes  place  in  it,  as  conTerts  its  sereral  portions  into  £ibric8 
resembling  those  with  whidi  they  are  connected,— whether  bone, 
nerre,  fibrous  membrane,  mnoons  membrane,  or  skin ;  until  the 
separation  is  complete  and  effectual.  This  is  the  mode  of  repair 
known  to  the  Surgeon  as  heaiimg  by  ikejirwt  ifOmdon. — It  often 
happens,  however,  that  the  destruction  of  tissue  has  been  too 
great  for  its  renewal  in  this  manner ;  and  a  gradual  proceflB  of 
growth  from  the  surrounding  solid  parts,  is  then  necessary.  Thb 
may  take  place  in  two  ways,  according  to  the  mode  in  which  it 
is  regulated.  Under  the  most  fsTOurable  circumstances,  when 
the  wound  is  completely  excluded  from  the  contact  of  air  and 
from  other  sources  of  irritation,  and  when  the  constitution  is  not 
in  an  inflammatory  state,  there  is  a  gradual  and  complete  repair 
of  the  parts  that  have  been  lost,  by  the  growth  of  the  surronnd- 
ing  structures.  This,  which  is  termed  by  Dr.  Macartney  (who 
first  described  it)  the  modelling  procetSj  Is  nothing  else  than  the 
simple  natural  process  of  development,  analogous  to  that  which 
takes  place  in  the  first  production  of  the  fabric,  and  in  the 
regeneration  of  entire  members  that  are  lost  among  the  lower 
animals  (Chap.  xv).  But  if  inflammation  be  permitted  to 
arise,  the  repair  takes  place  by  a  process  termed  granulation^ 
which  consists  in  the  sprouting  forth  of  a  rapidly- growing  tissne 
(commonly  known  ViS proud fssh)  that  fills  up  the  cavity;  but 
this  contracts  after  the  skin  has  closed  over  it,  and  gives  rise  to 
an  unsightly  scar,  which  is  completely  avoided  in  the  former 
method. 


CHAPTER  IX. 

ON  THE  EVOLUTION  OF  LIGHT,  HEAT,  AND  ELECTRICITY  BY 

ANIMALS. 

Animal  Luminoume»9. 
394.  A  large  proportion  of  the  lower  classes  of  aquatic 
Animals  possess,  in  a  greater  or  less  degree,  the  power  of  emitting 
light.  The  phosphorescence  of  the  sea,  which  has  heen  ohserved 
in  every  asone,  hut  more  remarkably  between  the  tropics,  is  due 
to  this  cause.  When  a  vessel  ploughs  the  ocean  during  the 
night,  the  waves — especially  those  in  her  wake,  or  those  which 
have  beaten  against  her  sides, — exhibit  a  diffused  lustre,  inter- 
spersed here  and  there  by  stars  or  ribands  of  more  intense 
brilliancy.  The  uniform  diffused  light  is  chiefly  emitted  by 
innumerable  minute  animals,  which  abound  in  the  waters  of  the 
surface ;  whilst  the  stars  and  ribands  are  due  to  larger  animals, 
whose  forms  are  thus  brilliantly  displayed.  Both  belong,  for  the 
most  part,  to  the  class  Acaleph^,  all  the  species  of  which 
appear  to  be  more  or  less  phosphorescent,  those  of  tropical  seas 
being  the  most  so.  This  interesting  phenomenon,  when  it  occurs  on 
our  own  coasts,  is  chiefly  produced  by  incalculable  multitudes  of 
a  small  species,  having  a  nearly  globular  form,  and  of  a  size  about 
equal  to  that  of  the  head  of  an  ordinary  pin.  When  these  cover 
the  water,  and  a  boat  is  rowed  among  them,  every  stroke  of  the 
oars  produces  a  flash  of  light ;  and  the  ripple  of  the  water  upon 
the  shore  is  marked  by  a  brilliant  line.  If  a  person  walk  over 
sands  that  the  tide  has  left,  his  footsteps  will  seem  as  if  they 
had  been  impressed  by  some  glowing  body.  And  if  a  small 
quantity  of  the  water  be  taken  up  and  rubbed  between  the  liands, 
they  will  remain  luminous  for  some  time.     The  transparency  of 

Y  2 
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the  little  animalS)  to  which  these  beautiful  appearances  are  due, 
might  cause  them  to  be  overlooked,  if  they  are  not  attentively 
sought;  they  much  resemble  grains  of  boiled  sago  in  their 
aspect,  but  are  much  softer. 

395.  The  light  emitted  by  these  .animals  appears  to  be  due 
to  the  peculiar  chemical  nature  of  the  mueus  secreted  from  their 
bodies ;  for  this,  when  removed  from  them,  retains  its  properties 
for  some  time,  and  may  communicate  them  to  water  or  milk, 
rendering  them  luminous  for  some  hours,  particularly  when  they 
are  warmed  and  agitated.  It  is  probably  from  this  source,  that 
the  diffused  luminosity  of  the  sea  is  partly  derived.  The  secre- 
tion appears  to  be  increased  in  amount,  by  anything  that  irri- 
tates or  alarms  the  animals ;  and  it  is  from  this  cause  that  the 
dashing  of  the  waves  against  each  other,  the  side  of  a  ship,  or 
the  shore, — or  the  tread  of  the  foot  upon  the  sand,— or  the 
compression  of  the  animals  between  the  fingers,— occasions  a 
greater  emission  of  light.  But  some  of  these  causes  may  act,  by 
bringing  a  fresh  quantity  of  the  phosphorescent  secretion  into 
contact  with  air,  which  seems  necessary  to  maintain  the  kind  of 
slow  combustion  on  which  the  light  depends. 

396.  But  the  Acalephie  are  by  no  means  the  only  luminous 
animals  which  tenant  the  deep.  Many  of  the  Polypifbra 
appear  to  have  this  property  in  an  inferior  degree,  and  also  some 
of  the  EcHiNODERMATA.  Of  the  lowest  class  of  MoUusca,  the 
TuNiCATA,  a  very  large  proportion  are  luminous,  especially  those 
which  float  freely  through  the  ocean,  and  which  abound  in  the 
Mediterranean  and  tropical  seas ;  the  brilliancy  of  some  of  these 
can  scarcely  be  surpassed.  Among  some  of  the  shell-bearing 
Molld^cs,  the  phenomenon  has  also  been  observed ;  and  also  in 
the  marine  Annelida.  Other  marine  animals  of  higher  classes 
are  possessed  of  similar  properties;  thus,  many  Critstacea, 
especially  the  minuter  species,  are  known  to  emit  light  in  brilliant 
jets ;  and  the  same  may  be  said  of  a  few  Fishes  :  but  it  is  pro- 
bable that  the  luminosity  attributed  to  many  of  the  latter,  is  due 
to  the  disturbance  they  make  in  the  surrounding  water,  which 
excites  its  phosphorescence  in  the  manner  just  explained.  In 
all  these,  the  general  phenomena  are  analogous, — the  luminous 
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matter  appearing  to  be  a  secretion  from  the  surfiaee  of  the  animals, 
and  to  undergo  a  sort  of  slow  combostion  by  combination  with 
oxygen.  Wherever  it  is  presented  by  these  animals,  it  is  always 
most  brilliant  upon  the  surfaces  concerned  in  respiration.  The 
light  continues  for  some  days  after  death;  but  ceases  at  the 
commencement  of  putrefaction. 

397.  In  the  class  of  Insects,  there  are  several  species  which 
have  considerable  luminous  power ;  and  in  these  the  emission  of 
light  is  for  the  most  part  confined  to  a  small  part  of  the  surface 
of  the  body,  from  which  it  issues  with  great  brilliancy.  The 
luminous  Insects  are  most  numerous  among  the  Beetle  tribe ; 
and  are  nearly  restricted  to  two  families,  the  ElcUeridm^  and  the 
Lampyridw,  The  former  contains  about  30  luminous  species, 
which  are  known  as^re^iet ;  these  are  all  natives  of  the  warmer 
parts  of  the  New  World.  Their  light  proceeds  from  two  minute 
but  brilliant  points,  which  are  situated  one  on  each  eide  the 
front  of  the  thorax ;  and  from  another  beneath  the  hinder  part 
of  the  thorax,  which  is  only  seen  during  fiight.  Tho  light  pro- 
ceeding from  these  points  is  sufficiently  intense  to  allow  small 
print  to  be  read  in  the  profoundest  darkness,  if  the  insect  be 
held  in  the  fingers  and  be  moved  along  the  lines;  and  the 
natives  of  the  countries  where  they  are  found  (particularly  in 
St.  Domingo,  where  they  are  abundant)  use  them  instead  of 
candles  in  their  houses,  and  tie  them  to  their  feet  and  heads, 
when  travelling  at  night,  to  give  light  to  their  path  through  tlie 
forest.  In  all  the  luminous  species  of  this  family,  the  two  sexes 
are  equally  phosphorescent.* 

398.  The  family  J^mpyridas  contains  about  200  species 
known  to  be  luminous ;  the  greater  part  of  these  are  natives  of 

*  This  iniect  has  been  happily  introduced  by  the  poet  Southcy  in  hti  "  Madoc** 
at  farniahing  the  lamp  by  which  the  British  hero  was  rescued  from  the  hands  of 
the  Mexican  priests : — 

**  She  beckoned  and  descended,  and  drew  out 
From  andemealh  her  vest  a  cage,  or  net 
U  rather  might  be  called,  so  fine  the  twigs 
Which  knit  it,  where,  confined,  two  Fire-flics  gave 
Their  lustre.     By  that  light  did  Madoc  first 
Behold  tho  features  of  his  lovely  guide." 
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America,  whilst  others  are  widely  diffused  through  the  Old 
World.     In  most  of  these,  the  light  is  most  stroDgly  displayed 
by  the  female,  which  is  usually  destitute  of  wings,  so  that  it 
might  be  mistaken  for  a  larva.     The  species  of  our  own  country 
is  known  as  the  Glow-warm,     *'  Who  that  has  oyer  enjoyed  the 
luxury  of  a  summer  evening's  walk  in  the  country,  in  the 
southern  parts  of  our  island,  but  has  viewed  with  admiration 
these  stars  of  the  earth  and  diamonds  of  the  night?     And  if, 
living  like  me  in  a  district  where  it  is  rarely  to  be  met  with,  the 
first  time  you  saw  this  insect  chanced  to  be,  as  it  was  in  my  case, 
one  of  those  delightful  evenings  which  an  English  summer  rarely 
yields,  when  not  a  breesse  disturbs  the  balmy  air,  and  *  every 
sense  is  joy,'  and  hundreds  of  these  radiant  worms,  studding 
their  mossy  couch  with  mild  effulgence,  were  presented  to  your 
wondering  eye  in  the  course  of  a  quarter  of  a  mile, — ^you  could 
not  help  associating  with  the  name  of  glow-worm  the  most 
pleasing  recollections.     No  wonder  that  an  insect  which  chiefly 
exhibits  itself  on  occasions  so  interesting,  and  whose  economy  is 
so  remarkable,  should  have  afforded  exquisite  images  and  illus- 
trations to  those  poets  who  have  cultivated  Natural  History."* 
399.     The  light  of  the  glow-worm  issues  from  the  under  sur- 
face of  the  three  last  abdominal  rings.     The  luminous  matter, 
which  consists  of  little  grannies,  is  contained  in  minute  sacs, 
covered  with  a  transparent  horny  lid ;  and  this  exhibits  a  num- 
ber of  flattened  surfaces,  so  contrived  as  to  diffuse  the  light  in 

the  most  advantageous  manner. 
Tlie  sacs  are  mostly  composed  of 
a  close  network  of  finely  divided 
air-tubes  (§.  320)  ;  which  ramify 
through  every  part  of  the  granular 
substance ;  and  it  appears  that  the 
access  of  air  through  these  is  a 
Fig  162.-MALK  and  fbmalb  Glow-  neccssarv  conditiou  of  the  pbospho- 

rescence.  For  if  the  aperture  of  the 
large  trachea  which  supplies  the  luminous  sac  be  closed,  the 
liglit  ceases ;  but  if  the  sac  be  lifted  from  its  place,  without  in- 

*  Kiiby  and  Spcncc's  Entomology,  vol.  ii.  p.  331. 
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joring  the  trachea,  the  light  is  not  interrupted.  All  the  lumi- 
nous inaecta  appear  to  hare  the  power  of  extinguisliing  their 
lights ;  and  thia  they  probahly  do  when  alanned  hy  approach- 
ing danger.  Thia  ciiGumstuice  is  beautifully  alluded  to,  in  the 
following  elegant  description,  by  the  poet  already  quoted,  of  the 
first  efiect  of  the  brilliant  Doctumal  spectacle,  presented  by  these 
insects  in  the  countries  where  they  abound,  u[K>n  the  British 
vimtors  of  the  New  World. 

" Sorrowing  we  beheld 

Tho  night  cona  on  ;  but  mod  did  nigfat  i\tfltj 
More  woDdcn  tbui  It  veiled  ;  ioaumiiniui  tnbtn 
From  the  WMd-coTar  iwuni'd,  ud  dukniu  nude 
Thsir  betntiet  Tiiible  :  one  while  tbe^  ilreHm'd 
A  briglit  blae  ndiuce  npon  flowert  that  cloMd 
Tbeir  goijeoui  eolonn  from  tba  tje  of  dij  ; 
Now  mDlionleM  tod  dark,  eluded  torch, 
8c1f->brauded  ;  tad  uion,  ituiing  the  ikj, 
Rom  like  *  thimtr  of  fin." 

Tlifl  sudden  extinction  of  the  light  is  probably  dne  to  the  ani- 
inal''s  power  of  Toluntarily  or  instinctively  closing  the  aperture 
of  the  trachea. 

400.     There  are  a  few  other  Insects  not  included  in  tiiese  fiuot- 
lies,  which  are  reputed  to  possess  luminous  powers ;  and  of  these 
the  most  remarkable  are  the  Fulffora,  or  Lantern-flies,  of  which 
one  species  inhabits  Guiana,  whilst  another  b  a  native  of  China. 
These  are  insects  of  very 
remarkable  form,  having 
an  extraordinary  projec- 
tim  upon  the  bead;  and 
this  is  the  part  said  to  he 
luminous.      The    autho-   ' 
rity    for    the    assertion, 
however,  is  doubtful;  and 
many  Entomologists,  who 

h»ve  captured  the  insect,  have  denied  the  phosphorescent  power 
imputed  to  it.  Bat  it  is  not  impossible  that  the  female  only  may 
possess  it ;  and  tliat  it  may  only  be  manifested  at  one  part  of 
the  year.     One  of  the  common  English  species  of  Centipede, 
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which  is  found  in  dark  damp  places,  beneath  stones,  &c.,  is 
slightly  luminous;  and  the  common  Earth-worm  is  also  said  to 
be  so  at  the  breeding  season. 

40 1 .  Of  the  particular  objects  of  this  provision  in  the  Animal 
economy,  little  is  known,  and  much  has  been  oonjectuEred.  It 
is  not  requisite  to  suppose  that  its  purposes  are  alwajrs  the  same; 
the  circumstances  of  the  different  tribes  which  possess  it  being 
so  different.  The  usual  idea  of  its  use  in  Insects^— that  it  enables 
the  sexes  of  the  nocturnal  species  to  seek  each  other  for  the  per- 
petuation of  the  race, — is  probably  the  correct  one.  The  light 
is  more  brilliant  at  the  season  of  the  exercise  of  the  reproductiTe 
functions  than  at  any  other,  and  is  then  exhibited  by  animals 
which  do  not  manifest  it  at  any  other  period.  MoreoTer,  it  is 
well  known  that  the  male  Glow-worm, — which  ranges  the  air, 
whilst  the  female,  being  destitute  of  wings,  is  confined  to  the 
earth, — is  attracted  by  any  luminous  object ;  as  are  also  the 
Fire-flies,  which  may  be  most  easily  captured  by  carrying  a 
torch  or  lantern  into  the  open  air :  so  that  the  poetical  language, 
in  which  this  phosphorescence  is  described  as  ^^  the  lamp  of  love 
— the  pharos — the  telegraph  of  the  night,  which  marks,  by  ite 
scintillations,  in  the  silence  of  the  night,  the  spot  appointed  for 
the  lovers'  rendezvous,"  would  not  seem  so  incorrect  as  the  ideas 
of  poete  on  subjecte  of  Natural  History  too  frequently  are.  It 
may  be  objected,  on  the  other  hand,  that  there  are  many  Moths 
and  Beetles,  which  have  a  similar  tendency  to  fly  towards  the 
light,  but  which  themselves  possess  no  shining  lamps.  Some 
of  these,  however,  are  faintly  luminous ;  and  it  would  not  seem 
improbable  that  the  Insecte  which  are  attracted  by  flame,  and 
thus  show  that  they  are  seeking  for  objecte  which  emit  light, 
may  be  able  to  perceive  feebler  degrees  of  it — ^undistingniahable 
by  our  eyes — that  may  be  possessed  by  the  beings  of  which  they 
are  in  search. 

402.  Regarding  the  uses  of  the  luminosity  of  the  lower 
marine  tribes,  it  is  more  difficult  to  form  a  definite  idea ;  since 
many  of  them  are  fixed  to  one  spot  during  the  whole  of  hie,  and 
in  many  others  the  sexes  do  not  require  to  seek  each  other.  It 
may  serve  for  the  illumination  (however  faintly)  of  those  dark 
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and  rayless  depths  of  the  ocean,  which  are  known  to  he  tenanted 
by  Fishes  and  other  animals,  although  they  receive  no  appre- 
ciable portion  of  solar  light ;  and  it  may  be  sufficient  to  direct 
these  to  their  prey.  It  has  also  been  suggested,  that  the  pro- 
perty may  be  conferred  upon  them  (like  the  stinging  powers 
possessed  by  some)  as  a  means  of  self-defence  ;  their  bodies  not 
being  protected  by  a  dense  external  covering,  nor  possessed  of 
the  means  of  escape  from  danger  by  rapid  motion.  Many  of 
them  have  the  power  of  throwing  out  momentary  vivid  flashes 
of  light,  which  would  not  seem  producible  by  the  secretion  already 
described ;  and  these  may  have  the  effect  of  scaring  away  the 
animals  that  would  otherwise  make  them  a  prey. 

It  not  nnfrequently  happens,  that  an  evolution  of  light  takes 
place  from  the  bodies  of  animals  soon  after  their  death,  but  before 
their  decomposition  has  advanced  far.  This  has  been  most 
frequently  observed  to  proceed  from  the  bodies  of  Fishes,  Mol- 
luaca,  and  other  marine  tribes  ;  but  it  has  been  seen  also  to  be 
evolved  from  the  surface  of  land  animals,  and  even  from  the 
Human  body.  Indeed,  some  well-authenticated  cases  have  been 
recently  put  on  record,*  in  which  a  considerable  amount  of  light 
was  given  off  from  the  faces  of  li vmg  individuals,  who  were  near 
their  end.  All  animal  bodies  contain  a  considerable  quantity  of 
phoephorus  (§.  167) ;  and  it  is  by  no  means  impossible  that  some 
peculiar  compound  of  this  substance  may  be  formed,  during  the 
early  stages  of  decomposition,  and  even  before  death  ;  and  may, 
by  its  slow  combustion,  give  rise  to  the  luminous  appearance. 
It  appears  that  the  whole  substance  of  the  body  of  the  Fire-flies 
is  phosphorescent ;  for,  according  to  an  early  historian  of  the 
West  Indies,  '^  many  wanton  wilde  fellowes "  rub  their  faces 
with  the  flesh  of  a  killed  Fire-fly,  '*  with  purpose  to  meet  their 
neighbours  with  a  flaminge  countenance." 

Animal  Heat, 
403.     One  of  the  conditions  necessary  for  the  performance  of 
vital  action,  is  a  certain  amount  of  warmth ;   and  we  have  seen 

*  See   Sir  H.  Marsh,   on  tin;  Evolution  of  Ligbt  from   the  Living  Human 
ftuhjcct. 
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that  the  aninlals  which  alone  are  capable  of  retaining  their  ac^ 
iiYiiy  in  the  coldest  extremes  of  temperature)  are  those  which 
have  the  power  of  generating  heat  within  themselves,  and  thus 
of  keeping  up  the  temperature  of  their  bodies  to  a  high  standard. 
Those  which  do  not  possess  a  power  of  this  kind  are  either  ren- 
dered completely  inactive,  even  by  a  comparatively  moderate 
cold,  or  are  altogether  destroyed  by  it.  Those  which  ordinarily 
do  possess  this  power,  are  destroyed  even  more  rapidly  by  cold, 
if  from  any  cause  the  production  of  heat  within  their  bodies  be 
interrupted ;  for  they  are  the  animals,  whose  vital  actions  aie 
the  most  varied  and  energetic,  and  in  which  an  interruption  to 
any  one  of  them  most  speedily  brings  the  rest  to  a  stand.  The 
inquiry  into  the  amount  of  heat  generated  by  different  animals, 
and  the  sources  of  its  production,  is  one,  therefore,  of  great  prac- 
tical importance. 

404.  Our  knowledge  of  the  heat  evolved  by  the  lower  Inver- 
tebrated  animals  is  very  limited ;  but  it  is  probable  that  in  most 
of  them  the  temperature  of  the  body  follows  that  of  the  element 
they  inhabit,  keeping  a  little  above  it  for  a  time,  when  it  is  much 
lowered.  Thus,  when  water  containing  Animalctdsi  is  froieD, 
they  are  not  at  once  destroyed  ;  but  each  lives  for  a  time  in  a 
small  uncongealed  space,  where  the  fluid  seems  to  be  kept  from 
freezing  by  the  heat  liberated  from  its  body.  The  temperature 
of  Earth-worms,  Leeches,  Snails,  and  Slugs,  ascertained  by  intro- 
ducing a  thermometer  into  the  midst  of  a  heap  of  them,  is  usnally 
about  a  degree  or  two  above  that  of  the  atmosphere  ;  and  they 
also  have  the  power  of  resisting  for  a  time  the  influence  of  a 
degree  of  cold,  that  would  otherwise  immediately  freeze  their 
bodies. 

405.  In  the  cold-blooded  Yertebrata,  also,  the  heat  of  the 
body  is  almost  entirely  dependent  upon  that  of  the  sunounding 
element.  Thus  most  Fishes  are  incapable  of  maintaining  a 
temperature  more  than  two  or  three  degrees  higher  than  thai  of 
the  water  in  which  they  live  ;  and  the  warmth  of  their  bodies 
consequently  rises  and  falls  with  that  of  the  sea,  river,  or  lake 
they  may  inhabit.  There  are,  however,  a  few  marine  fishes 
which  have  the  power  of  maintaining  a  temperature  10  or  12 
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« 

degrees  higher  than  that  of  the  sea ;  and  these  are  peculiar  for 
the  activity  of  their  circnlation,  and  the  deep  colour  of  their 
hlood,  which  possesses  red  particles  (§.  229)  enough  to  give  to 
the  muscles  a  dark  red  colour  like  that  of  meat.  The  Thunny^ 
a  fish  which  abounds  in  the  Medi- 
terranean, where  there  are  ezten-  —  v^^^v^ 
sive  fisheries  for  it,  is  one  of  this 
group. — It  is  to  be  remembered  ^^  "''^SM^mrf  i^r--'^< 
that  the  animals  of  this  class  are 

ifi^ii  «»i»  «  Fio.  164.— Thuwny. 

less  liable  to  suner  from  seasonal 

alternations  of  temperature,  than  those  which  inhabit  the  air.  In 
climates  subject  to  the  greatest  atmospheric  changes,  the  heat  of 
the  sea  is  comparatively  uniform  throughout  the  year,  and  that 
of  deep  lakes  and  rivers  is  but  little  altered.  Many  have  the 
power  of  migrating  from  situations  where  they  might  otherwise 
have  suffered  from  cold,  into  deep  waters ;  and  those  species 
which  are  confined  to  shallow  lakes  and  ponds,  and  which  are 
thus  liable  to  be  frozen  during  the  winter,  are  frequently  en- 
dowed with  sufficient  tenacity  of  life,  to  enable  them  to  recover 
after  a  process  which  is  fatal  to  animals  much  lower  in  the  scale. 
Fishes  are  occasionally  found  imbedded  in  the  ice  of  the  Arctic 
seas ;  and  some  of  these  have  been  known  to  revive  when 
thawed, 

406.  In  Reptiles,  the  power  of  maintaining  an  uniform 
temperature  is  somewhat  greater ;  being  especially  shown  when 
the  external  temperature  is  reduced  very  low.  Thus  when  the 
air  is  between  60  and  70  degrees,  the  body  of  a  Reptile  will  be 
nearly  of  the  same  heat ;  but  when  the  air  is  between  40  and  50 
degrees,  it  may  be  several  degrees  higher.  Frogs  and  other 
aquatic  Reptiles  have  a  remarkable  power  of  sustaining  a  tem- 
perature above  that  of  freezing,  when  the  water  around  is  not 
only  congealed,  but  is  cooled  down  far  below  the  freezing-point. 
Thus  in  ice  of  21  degrees,  the  body  of  an  edible  frog  has  been 
found  to  be  37^  degrees;  and  even  in  ice  of  9  degrees,  the  animal 
has  maintained  a  temperature  of  33  degrees.  In  these  cases,  as 
iu  Animalcules,  the  water  in  immediate  contact  with  the  body 
remains  fluid,  so  long  as  the  animal  can  generate  heat ;  but  at 
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last  it  is  congealed,  and  the  body  is  also  completely  froien.  But 
it  is  certain  that  Frogs,  like  Fishes,  may  be  brought  to  life  again, 
after  the  fluids  of  their  bodies  have  been  so  completely  congealed, 
that  the  limbs  become  quite  brittle ;  it  is  not  known,  however, 
whether  this  may  happen  with  other  Reptiles.  It  would  appear 
that  among  Reptiles,  as  among  Fishes,  some  of  the  more  actiTe 
species  have  the  power  of  maintaining  their  bodies  at  a  tempe- 
rature considerably  higher  than  that  of  the  atmosphere ;  thus  in 
some  of  the  more  agile  of  the  Lizard  tribes,  the  high  temperature 
of  86  degrees  has  been  noticed,  when  the  external  air  was  but 
71  degrees.  ^ 

407.  The  only  classes  of  animals  in  which  a  constantly-ele- 
vated temperature  is  kept  up,  are  Birds  and  Mammalia.  The 
bodily  heat  of  the  former  yaries  from  100^  to  1 12^ ;  the  first  being 
that  of  the  Gull,  tlie  last  that  of  the  Swallow.  In  general  we 
find  that  the  temperature  is  the  highest  in  species  of  rapid  and 
powerful  flight;  and  least  in  those  which  inhabit  the  earth. 
Birds  that  are  much  in  the  water  have  a  special  proTision  for 
retaining  within  their  bodies  the  heat  which  would  otherwise  be 
too  rapidly  conducted  away  ;  their  bodies  being  clothed  with  a 
thick  and  soft  down,  which  is  rendered  impenetrable  to  fluid  by 
an  oily  secretion  applied  with  the  bill.  The  temperature  of  the 
Mammalia  seems  to  range  from  9&*  to  104° ;  but  more  aixuiate 
and  extensive  observations,  especially  on  the  temperature  of  the 
same  species  under  different  circumstances,  are  much  wanting. 
From  the  observations  of  Dr.  J.  Davy  upon  the  temperature  of 
Man,  it  appears  that  the  mean  or  avera^  heat  of  his  body  is 
about  100° ;  he  has  observed  it  as  low  as  96^%  when  the  tem- 
perature of  the  air  was  60° ;  and  as  high  as  102°,  when  the  air 
was  at  82°.  Thus  we  see  that  a  variation  of  5^  degrees  was 
witnessed  when  the  range  of  the  temperature  of  the  air  was  only 
from  60°  to  82° ;  and  it  is  probable  that  observations  made  in 
cold  climates  will  show,  that  the  temperature  of  the  body  may 
be  still  further  lowered,  when  that  of  the  air  around  is  much 
depressed.  But  it  seems  that,  in  Man,  as  in  other  animals,  the 
lower  the  temperature  of  the  air  around,  the  greater  is  his  power 
of  generating  heat  within  his  body,  to  keep  up  the  ncccflsarr 
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standard  ;  and  no  observations  yet  made,  indicate  that  the  tem- 
perature of  the  body  ever  falls  below  95®  in  health.  In  Asthma 
and  Asiatic  Cholera,  however,  it  has  been  found  20°  below  its 
usual  standard ;  and  in  Scarlet-fever  and  Tetanus  (locked-jaw) 
it  has  been  known  to  rise  to  106°  and  11  Of". 

408.  The  young  of  warm-blooded  animals  have  usually  less 
power  of  maintaining  an  independent  heat  than  adults.  The 
embryo,  whether  in  the  egg,  or  within  the  body  of  the  parent,  is 
dependent  upon  external  sources  for  the  hent  necessary  to  its  full 
development  Tlie  contents  of  the  egg^  when  lying  under  the 
body  of  its  parent,  are  so  situated,  that  the  germ-spot  (Chap.xv.) 
is  brought  into  the  nearest  neighbourhood  of  the  source  of 
warmth.  It  is  not  usually  until  some  weeks  after  the  hatching 
of  Birds,  or  the  birth  of  Mammalia,  that  the  young  animals  have 
the  power  of  maintaining  an  independent  temperature.  Thus 
young  Sparrows,  taken  from  the  nest  a  week  after  they  were 
hatched,  were  found  to  have  a  temperature  of  from  95°  to  97° ; 
but  this  fell  in  ouq  hour  to  66^"",  the  temperature  of  the  atmo- 
sphere being  at  the  same  time  62^° ;  and  the  rapid  cooling  was 
proved  not  to  be  due  to  the  want  of  feathers  alone.  Tliere  are 
some  birds,  however,  which  can  run  about  and  pick  up  their 
food  the  moment  they  are  hatched ;  these  come  into  the  world 
in  a  more  advanced  condition  than  the  rest,  and  can  maintain 
their  temperature  with  little  or  no  assistance.  We  find  the  same 
to  be  the  case  among  Mammalia.  There  are  some  species  (such 
as  the  Guinea-pig)  whose  young  are  able  from  birth  to  walk  and 
run,  and  to  take  the  same  food  with  the  mother ;  and  these  have 
from  the  first  the  power  of  maintaining  a  steady  temperature 
when  the  air  around  is  not  very  cold.  But  in  general,  the 
yonng  of  Mammalia  are  much  less  advanced  at  the  time  of  birth, 
being  not  nnfreqnently  bom  blind  as  well  as  helpless;  and  they 
require  considerable  assistance,  in  keeping  up  their  heat,  from 
the  parent  or  nurse.  Thus  the  temperature  of  new-bom  puppies, 
removed  from  the  mother,  will  rapidly  sink  to  between  2°  and 
3*  above  that  of  the  air. 

409.  These  facts  are  of  extreme  practical  importance,  in 
regard  to  the  treatment  of  the  Human  infant.     Though  not 


314  TRMPERATURB   OF  INPAHTB  : — OP   IKSECTB. 


destitnte  of  sigfai,  mt  its  eniranoe  iato  the  worid,  like  the  jowag 
of  the  Cat,  Dog,  or  Rabbit,  it  is  equally  helpless,  and  dependent 
npon  its  parent  not  only  for  support  but  for  wannth.  And  as 
the  Human  body  is  longer  in  aniving  at  its  full  development 
than  is  any  other,  so  is  it  necessary  that  this  assistance  shonld 
be  longer  afforded.  This  assistance  is  the  more  necessary  in  the 
case  of  in&nts  bom  prematurely ;  and  it  should  be  kept  up 
during  the  years  of  childhood,  gradually  diminishing  with  age. 
It  is  too  finequently  neglected,  by  those  who  are  well  able  to 
afford  it,  under  the  erroneous  idea  of  hardening  the  constitutioD ; 
and  the  want  of  it,  consequent  upon  poverty,  is  one  of  the  roost 
fertile  sources  of  the  great  mortality  among  children  of  the  poorer 
classes.  This  is  easily  proved  by  the  proportional  number  of 
deaths  which  take  place  in  different  parts  of  the  year,  at  different 
ages.  During  the  first  month  of  in&nt  life,  the  winter  mcNrtality 
is  nearly  double  that  of  the  summer ;  though  there  is  very  little 
difference  between  the  two  seasons  in  the  mortality  of  adults. 
But  in  old  age  the  difference  again  manifests  itself  to  the  same 
amount  as  in  infants ;  for  old  persons  are  almost  equally  deficient 
in  the  power  of  maintaining  heat;  they  complain  that  their 
**  blood  is  chill,"  and  suffer  greatly  firom  exposure  to  cold. 

410.  The  class  of  Insects  presents  us  with  some  very  extraor* 
dinary  and  interesting  phenomena.  In  the  larva  and  pupa  states, 
the  temperature  of  the  body  is  never  more  than  from  ^^  to  4^ 
above  that  of  the  surrounding  medium ;  but  in  many  tribes,  the 
temperature  of  the  perfect  Insect  rises  so  high,  when  it  is  in  a 
state  of  activity,  that  it  might  be  at  such  times  called  a  warm- 
blooded  animal ;  though  in  the  states  of  abstinence,  sleep,  and 
inactivity,  its  temperature  falls  again  nearly  to  that  of  the 
atmosphere.  A  single  Humble-bee,  inclosed  in  a  phial  of  the 
capacity  of  3  cubic  inches,  had  its  temperature  speedily  raised 
by  violent  excitement,  from  that  of  rest  (2^  or  3°  above  that  of 
the  atmosphere)  to  9^  above  that  of  the  external  air ;  and  com> 
municated  to  the  air  in  the  phial  as  much  as  4^  of  heat  within 
five  minutes.  In  another  similar  experiment,  the  temperature 
of  the  air  in  the  phial  was  raised  nearly  6^  in  eight  minutes. 
It  is  among  the  active  Butterflies,   and  the  Hymenopterous 
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insects  (Bee  and  Wasp  tribe),  which  pass  nearly  the  whole  of 
their  actiTe  condition  on  the  wing,  that  we  find  the  highest 
teroperatore ;  and  next  to  them  are  the  most  active  of  the  Beetle 
tribe.  Those  of  the  latter  which  seldom  leave  the  ground,  have 
little  power  of  producing  heat. 

411.  The  greatest  manifestation  of  this  power  is  shown  among 
Insects  which  live  in  societies;  most  of  which  belong  to  the 
order  Hymenoptera.  It  has  been  seen  that  the  body  of  a 
Hamble-bee,  in  a  state  of  activity,  has  a  temperature  of  about 
9°  above  that  of  the  atmosphere  ;  but  its  nest  has  been  found  to 
have  an  ordinary  temperature  of  from  14^  to  16°  above  the  air, 
and  from  17°  to  19°  above  that  of  the  chalk  bank  in  which  it 
was  formed.  But  the  production  of  heat  is  increased  to  a  most 
extraordinary  degree  when  the  puptB  are  about  to  come  forth 
from  their  cells  as  perfect  Bees,  and  require  a  higher  tempera- 
tare  for  their  complete  development.  This  is  furnished  by  a  set 
of  Bees  termed  Nurse-beee^  which  are  seen  crowding  upon  the 
cells  and  clinging  to  them,  for  the  purpose  of  communicating  to 
them  their  warmth ;  at  the  same  time  being  evidently  very  much 
excited,  and  respiring  rapidly,  even  at  the  rate  of  130  or  140 
inspirations  per  minute.  In  one  instance,  the  thermometer 
introduced  amongst  seven  nursing-bees  stood  at  92^^^ ;  whilst  the 
temperature  of  the  external  air  was  but  70°.  In  Hive- bees, 
whose  societies  are  large,  this  procoi^  occasions  a  still  more 
remarkable  elevation  of  temperature  ;  for  a  thermometer  intro- 
daoed  into  a  hive  during  May  has  been  seen  to  rise  to  96°  or  98  ^ 
when  the  range  of  atmospheric  temperature  was  between  56®  and 
58^.  In  September,  when  the  bees  are  becoming  stationary,  the 
temperature  of  the  hive  is  but  a  few  degrees  above  that  of  the 
air.  It  was  formerly  supposed  that  Bees  do  not  become  torpid 
during  the  winter;  but  this  is  now  known  to  be  a  mistake. 
Beesy  like  other  Insects,  pass  the  winter  in  a  state  of  hyberna- 
tion; but  their  torpidity  is  never  so  ])rofound,  as  to  prevent 
their  being  aroused  by  moderate  excitement.  The  temperature 
of  a  hive  is  usually  from  6®  to  20°  above  that  of  the  atmo- 
sphere; being  kept  at  or  above  the  freezing-point,  when  the 
air  is  far  below  it.      Under  such  circumstances,  their  power  of 
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generating  heat  is  most  remarkable.  In  one  instance,  the  tem- 
perature of  a  hive,  of  which  the  inmates  were  aroused  by  tapping 
on  its  outside,  was  raised  to  102°  ;  whilst  a  thermometer  in  a 
similar  hive  that  had  not  been  disturbed,  was  only  48^° ;  and 
the  temperature  of  the  air  was  34^°. 

412.  The  cause  of  the  evolution  of  heat  in  the  Animal  body, 
may  now  be  referred  with  tolerable  certainty,  to  the  union,  by 
a  process  resembling  ordinary  combustion,  of  the  carbon  aad 
hydrogen  of  the  system,  with  the  oxygen  taken  in  from  the  air, 
in  the  process  of  Respiration.  It  has  been  elsewhere  shown  that, 
even  in  Plants,  this  union,  when  it  takes  place  with  sufficient 
rapidity,  is  accompanied  by  the  disengagement  of  a  considerable 
amount  of  heat  (Yeoet.  Phts.,  §.  411)  ;  and  in  all  those  Ani- 
mals which  can  maintain  an  elevated  temperature,  wc  find  a 
provision  for  this  union,  both  in  regard  to  the  constant  supply  of 
carbon  and  hydrogen  from  the  body,  and  to  the  introduction  of 
oxygen  from  the  air.  The  supply  of  carbon  and  hydrogen  may 
be  derived  (as  already  shown,  §.  157)9  either  directly  from  the 
food,  a  large  proportion  of  which  is  thus  consumed  in  many 
animals,  without  ever  forming  part  of  the  tissues  of  tbe  body ; 
or  it  may  be  the  result  of  the  waste  of  the  tissues,  especially  of 
the  muscular,  consequent  upon  their  active  employment  (§.  160). 
Or,  again,  it  may  be  derived  from  the  store  laid  up  in  the  sys- 
tem in  the  form  of  fati  which  seems  destined  to  afford  tlie 
requisite  supply,  when  other  soiurces  fail.  Thus  in  disetaes 
which  prevent  the  reception  of  food,  the  fat  in  the  body  rapidly 
diminishes ;  being  burnt  off,  as  it  were,  to  keep  up  tbe  tempe- 
rature of  the  system.  This  is  the  case,  too,  during  hybemaJAim; 
the  animals  which  undergo  this  change  usually  accumulating  a 
considerable  amount  of  fat  in  the  autumn,  and  being  observed  to 
come  forth  from  their  winter  quarters,  with  the  return  of  spring,  in 
a  very  lean  condition. — In  animals  which  do  not  require  the  main- 
tenance of  a  high  temperature,  but  which  nevertheless  eat  with 
great  voracity,  such  as  the  Mollusca  and  Crustacea,  we  find  the 
superfluous  portion  of  the  carbon  and  hydrogen  of  the  body  car- 
ried off  by  means  of  the  liver ;  in  the  secretion  from  which,  theie 
elements  form  a  very  large  part  (§.  364). 


ANIMAL  HEAT  DEPENDENT  ON  CONSUMPTION  OF  OXYGEN.       317 

413.  On  the  other  hand,  we  find  in  all  Animals,  that  are 
endowed  with  the  power  of  developing  much  heat,  a  provision 
for  introducing  a  large  quantity  of  oxygen  into  the  body,  to 
unite  with  these  elements,  and  to  carry  them  off  in  the  form  of 
carbonic  acid  gas  and  watery  vapour.  We  have  seen  that,  in 
Insects,  the  air  is  itself  conveyed,  by  means  of  air-tubes,  into 
every  part  of  the  body  (§.  320)  ;  and  that,  in  the  warm-blooded 
Vertebrata,  its  oxygen  is  equally  distributed  through  the  system, 
by  means  of  the  blood,  and  chiefly  by  its  red  corpuscles  (§.  234). 
We  find  the  number  of  these  corpuscles  to  correspond  exactly 
with  the  amount  of  heat  maintained  by  each  class  of  animals : 
thus  in  Birds,  the  blood  is  redder  than  in  the  Mammalia ;  in  the 
Mammalia  it  is  far  redder  than  in  Reptiles  and  Fishes ;  and  in 
those  of  the  latter  class  which  can  maintain  a  higher  temperature 
than  the  rest,  it  is  redder  than  in  the  white-fleshed  species  of 
less  active  habits  (§.  405).  The  consumption  of  oxygen,  more- 
over, and  the  production  of  carbonic  acid,  are  found  to  take 
place  in  every  animal,  exactly  in  proportion  to  the  amount  of 
heat  liberated  at  the  time.  Thus  in  warm-blooded  animals,  the 
respiratory  function  is  mnch  more  active  than  in  the  cold-blooded; 
but  when  the  former  are  reduced  to  the  state  of  cold-blooded 
antujals,  as  occurs  in  hybernation  (§.  309),  their  respiraiion  is 
proportionally  low;  and  the  diseases  which  cause  a  lowering  of 
the  temperature,  are  precisely  those  in  which  there  is  a  dimi- 
nished consumption  of  oxygen.  On  the  other  hand,  when- 
ever the  temperature  of  an  animal  is  quickly  raised  by  any 
extraordinary  stimulus,  above  that  which  it  was  previously 
maintaining,  it  is  always  by^neans  of  increased  activity  of  the 
respiratory  movements,  and  augmented  consumption  of  oxygen. 
Thus  during  the  incubation  of  Bees  (§.  411),  the  insect,  by  ac- 
celerating its  respiration,  causes  the  evolution  of  heat,  and  the 
consamption  of  oxygen,  to  take  place  at  least  twenty  times  as 
rapidly  as  when  in  a  state  of  repose.  The  same  takes  place  when 
a  hybemating  animal  is  roused ;  and  it  is  remarkable  that  even 
extreme  cold  will  effect  this  for  a  time;  but  if  the  animal  be 
exposed  for  too  long  a  period  to  a  very  low  temperature,  it  will 
not  be  able  to  resist  its  influence^  and  will  perish. 
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414.  The  influence  of  reBpiration  in  inuntaining  the  heat  of 
the  body,  is  well  shown  hy  the  fact,  that,  if  the  brain  be  removed, 
but  the  top  of  the  spinal  cord  (which  is  the  centre  of  the  actions 
of  respiration,  §.  450)  be  left,  so  that  the  moTements  of  breathing 
continue,  the  temperature  of  the  body  is  kept  up  with  little 
diminution ;  and  even  if  this  be  removed,  and  the  respiration  be 
artificially  kept  up,  by  blowing  air  into  the  lungs  and  pressing 
it  out  again,  the  body  will  cool  much  more  slowly  than  it  would 
otherwise  have  done.  That  this  substitute  will  not  fuUy  answer 
the  purpose,  is  easily  understood,  when  we  contrast  the  natural 
with  the  artificial  respiration.  In  the  natural,  the  air-cells  are 
first  dilated,  and  the  air  rushes  into  them  from  the  air-tubes ;  in 
the  artificial,  the  air  is  sent  first  into  the  air-tubes,  and  cannot 
properly  distend  the  air-cells  so  as  to  act  upon  the  blood,  unless 
an  injurious  amount  of  force  be  employed. 

415.  It  may  be  concluded,  from  this  and  other  experiments, 
that  the  Nervous  System  has  no  <ftrec/  influence  in  maintaining 
the  temperature  of  the  body,  as  some  physiologists  hare  sap- 
posed.  It  is  true  that  the  temperature  of  a  paralytic  limb  is 
usually  a  degree  or  two  lower  than  that  of  the  sound  one,  and 
that  it  is  more  affected  by  changes  of  external  temperature ;  but 
this  is  readily  accounted  for  by  the  fact,  that  its  inactivity  j>re- 
vents  or  retards  those  changes  in  its  substance,  which  contribute 
to  the  maintenance  of  its  heat.  And  the  fact  that  heat  \b  deve- 
loped in  Plants,  which  have  no  nervous  system,  to  as  high  a 
degree  as  in  Animals  which  possess  it,  when  other  circnmstaooes 
are  the  same,  should  be  enough  to  show  that  we  are  to  look  for 
its  source  in  the  various  changes  which  the  elements  of  the  body 
are  undergoing.  Of  these  changes,  the  union  of  its  carbon  and 
hydrogen  with  oxygen  taken  in  from  without,  are  unqaeslion- 
ably  the  most  constant  and  important ;  and  we  know  that  this 
union  would  produce  the  same  efiect  out  of  the  living  body  as  ta 
it ;  but  tliere  may  be  others,  which  are  also  concerned  in  the 
production  of  heat,  though  in  a  less  degree. 

Animal  EUetriciiy. 

416.  Almost  all  chemical  changes  are  attended  with  some 
alteration  in  tl\e  electric  state  of  the  bodies  concerned  ;  and  when 
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we  consider  the  number  and  variety  of  these  changes  in  the 
living  animal  body,  it  is  not  surprising  that  disturbances  of  its 
eUetrk  equilibrium  (see  Treatise  on  Electricity)  should  be  con- 
tinually occurring.  Bat  these,  when  slight,  can  only  be  detected 
by  very  refined  means  of  observation ;  and  it  is  only  when  they 
become  considerable  that  they  attract  notice.  Some  individuals 
exhibit  electric  phenomena  much  more  frequently  and  power- 
fally  than  others.  There  are  persons,  for  instance,  who  scarcely 
ever  pull  off  articles  of  dress  which  have  been  worn  next  the 
skin,  without  sparks  and  a  crackling  noise  being  produced,  espe- 
cially in  dry  weather.  This  is  partly  due,  however,  to  the 
friction  of  these  materials  on  the  surface  and  with  each  other ; 
for  it  18  greatly  influenced  by  their  nature.  Thus,  if  a  black  and 
white  silk  stocking  be  worn,  one  over  the  other,  on  the  same 
leg,  the  manifestation  of  electricity  when  they  are  drawn  off, 
especially  after  a  dry  frosty  day,  is  most  decided  ;  but  this  would 
alflo  be  the  case  if  they  were  simply  rubbed  together,  without 
any  connection  with  the  body. 

417.  The  most  remarkable  case  of  the  production  of  elec- 
tricity in  the  Human  being,  at  present  on  record,  is  one  lately 
related  on  excellent  authority  in  America.  The  subject  of  it,  a 
lady,  was  for  many  months  in  an  electric  state  so  different  from 
that  of  snrrounding  bodies,  that,  whenever  she  was  but  slightly 
insulated  by  a  carpet  or  other  feebly-conducting  medium,  sparks 
passed  between  her  person  and  any  object  which  she  approached. 
From  the  pain  which  accompanied  the  passage  of  the  sparks,  her 
condition  was  a  source  of  much  discomfort  to  her ;  when  most 
favourably  circumstanced,  four  sparks  per  minute  would  pass 
from  her  finger  to  the  brass  ball  of  a  stove,  at  a  distance  of  1^ 
inch.  The  circumstances  which  appeared  most  favourable  to  the 
production  of  electricity  were  an  atmosphere  of  about  80*^,  tran- 
quillity of  mind,  and  social  enjoyment ;  while  a  low  temperature 
and  depressing  emotions  diminished  it  in  a  corresponding  degree. 
The  phenomenon  was  first  noticed  during  the  occurrence  of  a 
Tivid  Aurora  Borealis;  and  though  its  first  appearance  was 
sudden,  its  departure  was  gradual.  Various  experiments  were 
made,  with  the  view  of  ascertaining  if  the  electricity  was  pro- 

I  2 
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duced  hj  the  friction  of  articles  of  dress ;  but  no  change  in  these 
seemed  to  modify  its  intensity. 

418.  In  most  animals  with  a  soft  fur,  sparks  may  be  produced 
by  rubbing  it,  especially  in  dry  weather ;  this  is  familiar  to  most 
persons  in  the  case  of  the  domestic  Cat.  But  the  electricity 
thus  produced  seems  occasionally  to  accumulate  in  the  animal,  as 
in  the  Leyden  Jar,  so  as  to  produce  a  shock.  If  a  cat  be  taken 
into  the  lap,  in  dry  weather,  and  the  left  hand  be  applied  to  the 
breast,  whilst  with  the  right  the  back  be  stroked,  at  first  only  a 
few  sparks  are  obtained  from  the  hair ;  but  after  continuing  to 
stroke  for  some  time,  a  smart  shock  is  received,  which  is  often 
felt  above  the  wrists  of  both  the  arms.  The  animal  evidently 
itself  experiences  the  shock,  for  it  runs  off  with  terror,  and  will 
seldom  submit  itself  to  another  experiment. 

41-9.  But  there  are  certain  animals,  which  are  capable  of  pro- 
ducing and  accumulating  electricity  in  large  quantities,  by  means 
of  organs  specially  adapted  for  the  purpose ;  and  of  discharging 
it  at  will,  with  considerable  violence.  It  is  remarkable  that  all 
these  belong  to  the  class  of  Fishes ;  *  and  that  they  should  differ 
alike  in  their  general  conformation,  and  in  their  geographical 
distribution.  Thus,  the  two  species  of  Torpedo^  belonging  to 
the  Ray  tribe,  are  found  on  most  of  the  coasts  of  the  Atlantic 
and  Mediterranean ;  and  sometimes  so  abundantly,  as  to  be  a 
staple  article  of  food.  The  Gymnotus^  or  Electric  Eel,  is  con- 
fined to  the  rivers  of  South  America.  The  Silurui  (more 
correctly,  the  MtdapUrurtu)^  which  approaches  more  neariy  to 
the  Salmon  tribe,  occurs  in  the  Niger,  the  Senegal,  and  the  Nile ; 
and  there  are  two  other  less  known  Fishes,  said  to 
electric  properties,  which  inhabit  the  Indian  seas. 

420.  Of  all  these,  the  Gymnottu  is  the  one  which 
the  electric  power  in  the  most  extraordinary  degree.  It  is  an 
eel -like  fish,  having  nothing  remarkable  in  its  external  appear- 
ance ;  its  usual  length  is  from  six  to  eight  feet :  but  it  is  said  occa- 
sionally to  attain  the  length  of  twenty  feet.  This  fish  will  attack 
and  paralyse  horses,  as  well  as  kill  small  animals ;  and  the  dis- 

*  Certain  IntecU  and   Mollotca  have  been  tatd  to  possets  electrical  properties  ; 
but  no  special  electric  organ  has  been  discovered  in  them. 
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charges  of  the  larger  indiyiduals  sometimes  prove  sufficient  to 
deprive  even  men,  of  sense  and  mo- 
tion. This  power  is  employed 
hy  the  fish  to  defend  itself  against 
its  enemies  ;  and  even,  it  is  said, 
to  destroy  its  prey  (which  consists 
of  other  fishes)  at  some  distance  ; 
the  shock  being  conveyed  by 
water,  as  a  lightning-conductor 
cx)nveys  to  the  earth  the  effects  of 
the  electric  discharge  of  the  clouds. 
The  first  shocks  are  usually  fee- 
ble; but  as  the  animal  becomes 
more  irritated,  their  power  increases.  After  a  considerable  num- 
ber of  powerful  discharges,  the  energy  is  exhausted,  and  is  not 
recovered  for  some  time ;  and  this  circumstance  is  taken  advan- 
tage of  in  South  America,  both  to  obtain  the  fishes  (which  afford 
excellent  food),  and  to  make  the  rivers  they  infest  passable  to 
travellers.  A  number  of  wild  horses  are  collected  in  the  neigh- 
bourhood and  driven  into  the  water ;  the  Gymnoti  attack  these, 
and  speedily  stun  them,  or  even  destroy  their  lives  by  repeated 
shocks;  but  their  own  powers  of  defence  and  injury  are  ex- 
hausted in  the  same  degree,  and  they  then  become  an  easy  prey 
to  their  captors. 

421.  The  shock  of  the  Torpedo  is  less  power- 
ful ;  but  it  is  sufficient  to  benumb  the  hand  that 
touches  it.  From  its  proximity  to  European 
shores,  this  fish  has  been  made  the  subject  of 
observation  and  experiment,  more  completely 
than  the  other;  and  some  curious  results  have 
been  attained.  It  seems  essential  to  the  proper 
reception  of  the  shock,  that  two  parts  of  the 
body  should  be  touched  at  the  same  time  ;  and 
that  these  two  should  be  in  different  electrical 
states.  The  most  energetic  discharge  is  procured 
from  the  Torpedo,  by  touching  its  back  and  belly 
simultaneously ;  the  electricity  of  the  back  being  positive,  and 


Flo.  les.— Common 

TOKPKDO. 


323  ELECTBIO  FISHES. 

that  of  the  belly  negative.  When  two  parts  of  the  same  mr&ce, 
at  an  equal  diBtance  from  the  electric  orf^n,  are  touched,  no 
effect  IB  produced ;  but  if  one  be  further  from  it  tlian  the  otba, 
a  discharge  occurs.  It  baa  been  found  that,  however  much  a 
Torpedo  is  irritated  through  a  single  point,  no  dischai^  talcea 
place ;  but  the  fish  makes  an  effort  to  bring  the  border  of  the 
other  surface  in  contact  with  the  offending  body,  through  which 
a  shock  is  then  sent.  This,  indeed,  is  probably  the  usqsI 
noanner  in  which  its  discharge  is  effected.  If  the  fish  be  placed 
between  two  plates  of  metal,  the  edges  of  which  arc  in  contact, 
no  shock  is  perceived  by  the  hands  placed  upon  them,  since  the 
c     n  0  c  metal  is  a  better  con- 

ductor than  the  human 
body;  but,  if  the  plates 
be  separated,  and,  while 
they  are  stilt  in  contact 
with  the  opponte  sides 
of  the  body,  the  handi 
be  applied  to  them,  the 
discharge  is  at  once 
„  rendered     perceptible, 

and    may    he    paned 
through  a  line  fonned 
■  by  the  moistened  handa 

of  two  or  more  persons. 
In  the  same  manner, 
also,  a  risible  spark 
may  be  produced ;  but 
'  this  is  less  eauly  ob- 
tained from  the  Tor- 
[iedo  than  from  the 
Oymnotus. 

422.      Tlie    electric 
organs  of  the  Torpedo 
.*'_?: '^'~^."!?"!_*''"'"™'_"^"""'        are  of  flattened  shape. 
'e.  luppiiing  and    occupy  the  front 

a]  arryta.        j^J  gijeg  gf  the  body, 


fonning  two  large  muses,  which  extend  bockwarda  and  ont- 
wards  from  each  side  of  the  bead.  Tbef  are  compoaed  of  two 
layers  of  membrane,  tbe  space  between  which  ia  divided  by 
vertical  partitions,  into  hexagonal  cells  like  those  of  a  honey- 
comb («,  Fig.  167)i  ^^^  eniM  of  wbich  are  directed  towards 
the  two  surfaces  of  the  body.  These  cells, — which  ore  filled 
with  a  whitish  soft  pulp,  somewhat  resembling  the  substance 
of  tbe  brain,  but  containing  mote  water, — are  agn^in  subdivided 
honzontally  fay  little  membranous  partitions;  and  all  these 
partitions  are  profusely  supplied  with  Tessels  and  nerves.  The 
electrical  organs  of  the  Oymnotus  are  essentially  the  same  in 
structure,  but  differ  in  shape  in  accordance  with  the  conformation 
of  the  animal ;  they  occupy  one-third  of  its  whole  bulk,  and  run 
nearly  along  its  entire  length,  being  arranged  in  two  distinct  pairs, 
one  much  larger  than  the  other.  In  the  Malapterums,  there  is  not 


any  electrical  organ  so  definite  as  those  just  described  ;  but  tbe 
thick  layer  of  dens©  areolar  tissue,  which  completely  surrounds 
the  body,  appears  to  be  subservient  to  this  function, — being 
composed  of  tendinous  fibres  interwoven  together,  and  contain- 
ing a  gelatinous  substance  in  its  interstices,  so  as  to  bear  a  cinse 
analogy  with  the  special  organs  of  the  Torpedo  and  Gymnotus. 

423.  In  all  these  instances,  the  electrical  organs  are  supplied 
with  nerves  of  very  great  size,  larger  than  any  others  in  the 
same  animals,  and  larger  than  any  nerves  in  other  animals  of 
like  bulk.  Tliese  nerves  arise  from  tbe  top  of  the  spinal  cord, 
and  seem  analogous  to  the  pneumngastric  nervo  (§.  458)  of  otiier 
animals.  Tlie  influence  of  these  nerves  is  essential  to  tlie  action 
of  tbe  electric  organs.  If  all  tlic  trunks  on  one  side  be  cut,  the 
power  of  the  corresponding  organ  will  be  destroyed,  but  that  of 
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the  other  may  remain  uniojured.  If  the  nerves  be  pariialiy 
destroyed  on  either  or  both  sides,  the  power  is  retained  by  the 
portions  of  the  organs  which  are  still  connected  with  the  brain 
by  the  trunks  that  remain.  Even  slices  of  the  organ  entirely 
separated  from  the  body,  except  by  a  nervous  fibre,  may  exhibit 
electrical  properties.  Discharges  may  be  produced,  by  iiri- 
tatiDg  the  part  of  the  nervous  centres  from  which  the  trunks 
proceed  (so  loug,  at  least,  as  they  are  entire),  or  by  irritating  the 
trunks  themselves.  In  all  these  respects,  there  is  a  strong  ana- 
logy between  the  action  of  the  nerves  on  the  electric  organs,  and 
on  the  muscles  (Chap,  xii.) ;  and  there  is  the  same  objection  to 
the  idea  that  the  influence  of  the  nerves  is  itself  electrical ;  for 
if  the  nerves  be  tied^  their  power  of  exciting  the  electric  organs  is 
destroyed  as  completely  as  if  they  were  cut.  As  to  the  mode  in 
which  the  nerves  cause  these  organs  to  generate  electricity,  we 
know  nothing  whatever;  but  we  know  nothing  more  of  the 
manner  in  which  they  excite  muscular  contraction;  and  we 
must  be  satisfied  for  the  present  to  remain  ignorant  of  it. 

424.  As  to  the  uses  of  the  electrical  organs  to  the  animals 
which  possess  them,  no  definite  information  can  be  given.  It  is 
doubtful  to  what  extent  they  are  employed  in  obtaining  food ; 
since  it  is  known  that  the  Gymnotus  eats  very  few  of  the  fishes 
which  it  kills  by  its  discharge ;  and  that  Torpedos  kept  in  cap- 
tivity do  not  seem  disposed  to  exercise  their  powers  on  small 
fishes  placed  in  the  water  with  them.  The  chief  use  of  the 
electrical  power  appears  to  be,  to  serve  as  a  means  of  defence,  to 
the  Fishes  which  possess  it,  against  their  enemies. 


CHAPTER  X. 

FUNCTIONS  OF  THE  NERVOUS  SYSTEM. 

425.  The  preceding  Chapters  liave  been  devoted  to  the  con* 
sideration  of  the  Functions  of  Organic  Life, — those  changes, 
namely,  in  the  Animal  body,  which  are  concerned  in  the  mainte- 
nance of  its  own  fabric ;  and  which,  although  performed  in  a 
different  fnode^  and  having  different  objecti  to  fulfil,  are  essentially 
the  same  in  character  with  those  which  take  place  in  Plants.  The 
first  and  most  striking  difference  of  mode  results,  as  we  have  seen, 
from  the  nature  of  the  food  of  Animals ;  which  requires  that 
they  should  possess  a  cavity  for  its  reception,  and  a  chemical  and 
mechanical  apparatus  for  its  digestion  (or  reduction  to  the  fluid 
form),  in  order  that  it  may  be  prepared  for  absorption  into  the 
vessels.  In  regard  to  the  absorption  of  the  aliment,  and  its  cir- 
cnlation  through  the  system,  there  is  but  little  essential  difference 
between  Plants  and  the  lower  Animals ;  but  in  the  higher  tribes 
of  the  latter,  we  find  that  a  muscular  organ,  having  the  action 
of  a  forcing-pump,  is  appended  to  the  system  of  tubes  in  which 
the  fluid  circulates,  in  order  to  drive  it  through  them  with  the 
requisite  certainty  and  energy.  The  respiration  of  Animals, 
again,  is  essentially  the  same  with  that  of  Plants ;  the  chief  dif- 
ferpnoe  being  that,  in  order  to  secure  the  active  performance  of 
this  important  function,  the  higher  Animals  are  provided  with  a 
complex  apparatus  of  nerves  and  muscles,  by  which  the  air  or 
water  in  contact  with  the  aerating  surface  is  continually  re- 
newed. And  in  regard  to  the  functions  of  secretion  and  excre- 
tion, we  have  seen  that,  though  there  is  a  vnde  difference  in  the 
form  of  the  organs  by  which  they  are  executed,  they  are  the 
same  in  essential  structure ;  and  that  the  difference  in  their  mode 
of  operation  consists  chiefly  in  this,  that  their  products  in  the 
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Animal  are  destined  to  be  carried  out  of  the  body,  instead  of 
being  retained  within  it,  as  in  Plants. 

426.  In  regard  to  the  immediate  object  of  these  functions, 
also,  there  is  but  little  essential  difference ;  for  in  both  instances 
it  is  the  conversion  of  alimentary  materials  into  living  organised 
tissue.  But  the  ultimate  purpose  of  this  tissue  is  far  from  bejng 
the  same  in  the  two  kingdoms.  Nearly  all  the  nourishment 
taken  in  by  Plants  b  applied  to  the  extension  of  their  own 
fabric ;  and  hence  there  is  scarcely  any  limit  to  the  size  they 
may  attain.  There  is  very  little  waste  or  decay  of  structure  in 
them,  the  parts  once  formed  (with  the  exception  of  the  leaves 
and  flowers)  continuing  to  exist  for  an  indefinite  time ;  this  is  a 
consequence  of  the  simply  phytical  nature  of  the  functions  of  the 
woody  structure,  which  has  for  its  chief  object  to  give  support 
to  the  softer  parts,  and  to  serve  as  the  channel  for  the  movement 
of  the  fluid  that  passes  towards  and  from  them. — ^The  case  is 
very  different  in  regard  to  Animals.  With  the  exception  of  those 
inert  tribes  which  may  be  compared  with  Plants  in  their  mode 
of  life,  we  find  that  the  whole  structure  is  formed  for  motion  ; 
and  that  every  act  of  motion  involves  a  waste  or  decay  of  the 
fabric  which  executes  it.  An  energetic  performance  of  the 
nutritive  actions  is  required,  therefore,  in  the  more  active  Ani- 
mals, simply  to  make  good  the  loss  which  thus  takes  place ; 
we  find,  too,  that  their  size  is  restrained  within  certain  limits ; 
so  tliat,  instead  of  the  nourishment  taken  into  the  body  being 
applied,  as  in  Plants,  to  the  formation  of  new  parts,  it  is  em- 
ployed for  the  most  part  in  the  simple  repair  of  the  old.  Thus 
we  may  say  that,  whilst  the  object  of  Vegetable  Life  is  to  build 
up  a  vast  fabric  of  organised  structure,  the  purpose  of  the 
Organic  Life  of  Animals  is  to  construct,  and  to  maintain  in  a 
state  fit  for  use,  the  mechanism  which  is  to  serve  as  the  instru- 
ment of  their  Animal  Functions, — enabling  them  to  receive  sen- 
sations, and  to  execute  spontaneous  movements,  in  accordance 
with  their  emotions,  instincts,  or  will. 

427.  This  mechanism  consists  of  two  kinds  of  structure, — 
the  Nervous  and  Muscular  ;  which  have  entirely  different  ofBcea 
to  perform.     The  Nervotu  system  is  that  which  is  the  actual 
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instrament  of  the  mind.  Through  its  tneans,  the  individual 
beci>nie9  conscious  of  what  is  passing  around  him  ;  its  operations 
are  connected,  in  a  mannei  we  are  totally  unable  to  explain, 
with  »]]  his  thoughts,  feelings,  desires,  reasonings,  and  determi- 
nations; and  it  communicates  the  infinence  of  these  to  his  musclen, 
exciting  them  to  the  operations  which  he  desires  or  determines 
to  execute.  But  yitw^^  it  cannot  produce  any  moTcment,  or 
give  rise  to  any  action  ;  any  more  than  the  expansive  force  of 
Steam  could  eet  a  mill  in  motion,  without  the  machinery  of  the 
Steam-Engine  for  it  to  act  upon.  The  Mtuevlar  System  is  the 
apparatus  by  which  the  movemente  of  the  body  are  immediately 
■ccomplisbed ;  and  these  it  effects  by  the  peculiar  power  it  pos- 
sesses, of  eonlraclitiff  upon  the  application  of  certain  ttimuli,  of 
which  Nervous  Agency  is  the  most  powerful. 

Gmieral  Slrueture  and  Aetiaiu  of  the  Nervou*  Sfftlem. 
428.     Tlie  Nervous  tissue  coneists  of  two  distinct  structures ; 
(^oneofwhiuhthefrunib  of  the  nerves  a 

are  entirely  made  up ;  whilst  the  other 
enters  largely  into  the  conipoaition  of 
tlie^ft^/ia  or  centres  of  action  (§.  65). 
The  former,  termed  the  ichile  or 
jEWuf  tissuCfConsists  of  straight  fibres, 
lying  aide  by  side,  and  bound  together 
by  areolar  tissue  into  bundles ;  these, 
again,  are  united  with  others,  inti 
larger  group  ;  and  by  the  union  of  a 
considerable  number  of  such  groups, 
the  nervous  trunks  are  formed,  which 
are  distributed  through  the  body, 
especially  to  the  skin  and  muscles,  rm.  iah*— "TKiie-TimiDr  nulvk- 
Tliese  fibres,  however,  differ  entirely  ^'["'L  from  trunk 

in  their  character  from  any  which  ot  nurw;  n,  bcmii^  iub«  from 
have  been  hitherto  described.      They 

are  found,  when  examined  with  a  good  Microscope,  to  he  lube*, 
containing  a  sort  of  pulpy  anWlance,  which  may  be  squei'ztid 
from  their  ends  when  they  arc  cut  across.  Each  of  these  tubes 
runs  its  course  completely  separated  from  the  retit,  no  union  or 
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inosculation  ever  occurring  among  them  :  and  there  is  good  reason 
to  believe  that  every  tube  extends,  without  break  or  intermptioD, 
from  the  central  organ  with  which  the  trunk  is  connected,  to  the 
point  at  which  it  enters  the  muscular  substance  or  skin,  to  which 
it  b  transmitted ;  and  that  it  has  a  function  entirely  distinct 
from  those  of  the  tubes  by  which  it  is  surrounded. 

429.  There  can  be  no  doubt  that  the  office  of  this  kind  of 
Nervous  tissue  is  to  convey  the  influence  of  the  changes  which 
are  efiected  in  one  part  of  the  system,  to  other  and  remote 
parts ;  just  as  the  wires  of  a  galvanic  battery  conduct  the  elec- 
tric influence,  from  the  instrument  which  excites  it,  to  some  distant 
point,  where  it  is  to  be  applied  to  some  use.  There  can  be  no 
doubt  that  the  effects  of  such  changes  in  the  state  of  the  Nervous 
System  are  propagated  in  two  opposite  directions ; — ^the  impres- 
sions made  upon  the  skin,  and  other  parts  possessed  of  sensibility, 
being  conveyed  towards  a  portion  of  the  nervous  centres  called 
the  sensorium^  and  there  giving  rise  to  femations; — and  the  in- 
fluence of  the  emotions  or  volitions  to  which  these  sensations  gi^e 
rise  (§.  7))  being  propagated /rom  the  central  organs  to  the  mus- 
cles which  they  excite  to  contraction.  And  by  the  discoveries  of 
Sir  C.  Bell,  hereafter  to  be  described,  it  has  been  fully  proved 
that  these  opposite  changes  are  conducted  by  two  different  sets  of 
fibres ; — one  conveying  to  the  central  organs  thoae  which  origi- 
nate in  the  circumference; — and  the  other  conveying  to  the 
circumference  those  which  originate  in  the  centre  (§.  451).  The 
transmission  of  these  changes  is  completely  interrupted  by  divi- 
sion of  the  nervous  trunk,  or  by  pressure  upon  it ;  and  it  some- 
times happens  that  one  set  of  conducting  fibres  is  thus  affected, 
whilst  the  functions  of  the  other  are  not  impaired ;  so  that  a  limb 
may  possess  sensibility,  and  be  totally  destitute  of  the  power  of 
motion,  or  may  be  completely  obedient  to  the  will,  though 
totally  destitute  of  sensibility.  In  Vertebrated  animals,  we  find 
some  nerves  in  which  there  is  only  one  set  of  fibres ;  so  that  the 
trunk  is  only  sensory  or  only  motor  (§.  458)  :  but  in  general, 
the  two  sets  are  bound  up  together  in  the  same  sheath. 

430.  The  structure  and  functions  of  the  ^ay  substance,  how- 
ever, are  very  different.  This  kind  of  nervous  tissue  is  found  in 
the  interior  of  the  ganglia  of  Invertebrated  animals,  and  in  the 
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centre  of  the  Spinal  Cord  of  Vertebrata ;  bnt  it  is  disposed  on 
the  outside  of  the  Brain,  and  forms  a  thin  layer  enclosing  the 
fibrous  substance,  of  which  the  greater  part  of  the  mass  is  com- 
posed. From  this  peculiarity  of  position  in  the  Brain,  it  is  not 
unfrequently  termed  the  cortical  (bark-like)  substance.  It  is 
principally  composed  of  a  minute  network  of  blood-vessels,  which 
surrounds  the  extremities  of  the  fibres  of  the  white  substance ; 
and  in  the  midst  of  it,  there  are  a  large  number  of  cells,  that  lie 
loosely  in  the  interstices  of  the  network.  What  is  the  precise 
manner  in  which  this  structure  acts,  we  are  unable  to  define ; 
but  this  much  is  tolerably  certain, — that,  in  the  gray  matter  of 
the  nervous  centres,  all  those  changes  originate,  which  are  propa- 
gated by  the  motor  fibres  to  the  muscles ;  and  that  these  changes 
depend  npon  the  continual  supply  of  arterial  blood.  If  this 
supply  be  cut  off,  by  failure  of  the  heart's  action  (as  in  ordinary 
fainting),  or  by  pressure  on  the  vessels  that  convey  blood  to  the 
head,  immediate  insensibility,  with  loss  of  all  power  of  motion, 
is  the  result. 

431 .    The  nervous  fibres  which  are  distributed  to  the  muscles, 
spread  forth  from  their  respective  trunks  in  loops,  which  fre- 
quently anastomose  with  each  other,  and  thus  form  a  network 
through  the  muscle.    But  the  fibres  which  commence  in  the  skin 
and  organs  of  the  senses,  and  convey  the  impressions  made  upon 
them  to  the  sensorium,  do  not  resemble  these  in  their  distribution. 
They  originate  in   minute  elevations  of  the  surface,   termed 
pt^nllcB  ;  in  every  one  of  which  there  is  a  network  of  vessels,  in- 
cluding cells  in  its  meshes,  around  the  extremity  of  the  fibre. 
The  action  of  the  blood  conveyed  by  these  vessels  is  just  as  neces- 
sary for  the  production  of  the  sensory  impression   upon  the 
nervous  fibre,  which  is  to  be  conducted  by  it  to  the  brain,  and 
there  to  become  a  sensation, — as  it  is  for  the  gray  matter  of  the 
brain  to  excite  a  change  in  the  motor  fibres  that  calls  a  muscle 
into  operation.    If  the  circulation  in  the  skin  be  checked  by  cold, 
or  by  pressure  on  the  artery  of  a  limb,  we  perceive  a  numbness, 
resulting  from  the  want  of  power  in  its  nervous  fibres  to  receive 
impressions.     Thus  we  see  that  a  sort  of  gray  matter  exists  at 
the  commencement  of  every  sensory  fibre^  as  well  as  at  the  com- 
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mencement  of  every  motor  fibre ;  but  that  which  belongs  to  Uie 
former  is  diflFused  over  the  surface  of  the  body,  and  the  changes 
to  which  it  gives  rise  are  conducted  towards  the  central  organs, 
there  to  produce  sensations ;  whilst  that  which  belongs  to  the 
latter  is  collected  into  a  mass,  in  these  same  central  organs,  and 
its  influence  is  propagated  along  the  fibres  which  diverge  from 
them  to  all  parts  of  the  body. 

432.  Hence  we  find  that,  before  the  mind  of  the  individual 
can  become  conscious  of  what  is  passing  around  him,  a  change 
or  impremtm  must  be  efiected  by  external  objects  npon  the 
origins  of  the  sensory  nerves  in  the  papilla ;  this  impression 
must  be  conducted  by  the  nervous  trunk  to  the  sensorinm,  and 
there  it  becomes  a  genscttion.  On  the  other  hand,  before  the 
mind  can  direct  the  body  to  perform  any  movement,  an  emotiany 
or  an  act  of  the  tcUl^  must  produce  a  change  at  the  origin  of  the 
motor  nerves  in  the  brain ;  and  this  change  is  conducted  along 
the  motor  trunks  to  the  muscles,  where  it  excites  a  coniraeUam 
adapted  to  the  required  purpose. 

433.  It  is  by  actions  of  this  kind,  that  the  Nervous  System 
ministers  to  those  Functions,  which  are  peculiarly  distingniahed 
as  Animal  (§.  4).  But  it  is  also  concerned  in  producing  certain 
movements  of  the  body,  which  have  for  their  object  to  maintain 
the  Organic  functions; — ^those,  for  instance,  of  Deglutition 
(§.  195),  and  Respiration  (§.  340).  Such  movements  require 
the  same  double  set  of  nervous  fibres,  and  the  same  kind  of  ner- 
vous centre  containing  gray  matter ;  but  they  do  not  require  thai 
seneaiion  should  intervene,  or  (in  other  words)  that  the  individnal 
should  become  conscious  of  the  impression  in  which  they  originate, 
in  order  that  the  muscles  may  be  excited  to  contraction.  Move- 
ments of  this  class  are  termed  reflesc ;  from  the  peculiar  action 
of  the  ganglion  in  throwing  back,  or  reflecting,  along  the  motor 
nerves  that  pass  from  it,  the  impressions  which  it  receives  from 
the  fibres  that  pass  towards  it.  There  can  never  be  more  than 
a  single  centre  of  sensation  in  any  animal ;  for  if  there  were  two 
or  more,  there  must  be  two  sets  of  feelings,  and  oonseqnently 
two  distinct  individual  minds.  But  there  may  be  many  oentres 
of  reflex  action,  having  different  purposes,  because  connected 
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with  different  functions.  In  the  lower  classes  of  Animals,  these 
centres  are  often  very  numerous ;  and  the  actions  to  which  they 
minister,  constitute  a  great  part  of  the  movements  performed  hy 
them.  Hence  some  of  our  hest  examples  of  reflex  action  are 
drawn  from  these  classes.  But  as  we  ascend  the  scale,  we  find 
that  these  centres  of  reflex  action  are  less  important  in  compa- 
rison with  the  organ  hy  which  the  mind  operates ;  and  that  the 
hody  is  more  influenced  hy  the  latter  than  hy  the  former.  In 
order  to  comprehend  the  mutual  relations  of  the  different  parts 
of  the  nervous  system,  it  will  be  better  to  commence  with  its 
simplest  forms,  and  to  pass  gradually  on  to  the  more  complicated. 

Structure  and  Actions  of  the  Nervous  System  in  the  principal 

Classes  of  Animals, 

434.  In  most  of  the  Radiated  classes,  it  is  difficult  to  dis- 
cover any  distinct  traces  of  a  Nervous  System ;  the  general 
softness  of  their  tissues  being  such,  that  it  cannot  be  clearly  made 
oat  amongst  them.  But  in  the  highest  group,  the  Echimoder- 
MATA,  it  may  be  detected  without  difficulty  ;  and  it  presents  an 
extremely  simple  form,  which  partakes  of  the  general  arrange- 
ment of  parts  in  these  animals.  In  the  Star-Jish^  for  instance,  it 
forms  a  ring,  which  surrounds  the 
opening  into  the  stomach ;  this  ring 
consists  of  nervous  cords,  which  form 
communications  between  five  ganglia, 
one  of  which  is  placed  at  the  base  of 
each  ray.  These  ganglia  appear  to 
be  all  similar  to  each  other  in  function. 
Every  one  of  them  sends  a  large  trunk 
along  its  own  ray ;  and  two  small 
branches  to  the  organs  in  the  central  fio.  ig9.— nbrvous  srarKM 
disc.      The  rays  being^  all  similar  to  °'   tar-itiwi. 

...  ^       .  ,  .  a,  poBition  of  the  mouth. 

each  other  m  structure,  it  would  ap- 
pear that  no  one  of  these  ganglia  can  have  any  controlling  power 
over  the  rest.    All  the  rays  have  at  their  extremities  what  seem 
to  be  very  imperfect  eyes  ;  and  so  far  as  these  can  aid  in  direct- 
ing the  movements  of  the  animaU  it  is  obvious  that  they  will  do 
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M  tow&rds  all  sides  alike.  Hence  there  is  no  one  part  whidi 
cotrespoiids  to  the  head  of  higher  animals ;  and  the  gttnglift  of 
the  nerrouB  Byatem,  like  the  parts  the^  snpplfi  are  bnt  repe- 
titiona  of  one  another,  and  act  independently  of  one  another. 
Each  would  perform  its  own  indiTidnal  functions  if  separated 
from  the  rest ;  hut  in  the  entire  animal,  their  actions  are  all 
connected  with  each  other  by  the  drcular  cord,  which  pasKS 
from  every  one  of  the  five  ganglia  to  those  on  either  ride  of  it. 
In  Man,  as  well  as  in  all  the  Vertebrated  and  Articulated 
animals,  and  in  some  of  the  Mollusca,  there  is  a  like  repetition 
of  the  parts  of  the  Nervous  System,  on  the  two  aides  of  the 
central  tine  of  the  body  ;  bnt  the  oi^aas  are  only  double,  instead 
of  being  repeated  five  times.  Still  the  two  hemispheres  of  the 
brain,  and  the  two  halves  of  the  spinal  cord,  in  the  Yertebrmted 
animal,— and  the  two  halves  of  the  chain  of  ganglia,  in  the 
Articulated  animal, — are  as  independent  of  one  another  as  aie 
the  five  separate  ganglia  of  the  Star-fish  ;  and  they  are  made  to 
act  in  harmony  with  one  another,  by  similar  uniting  bands  of 
nervous  fibres,  which  are  termed  commiiturei. 

435.     In  the  nervous  system  of  Hollobca,  we  do  not  meet 
with  any  such  repetition  of  parU ;  the  body  itself  not  presenting 
this  character.     In  the  lowest  and  rimplest  animali  of  this  class, 
we  meet  with  only  a  ringle  ganglion,  which  may  be  regarded  as 
^   analogous  to  any  one  of  the  ganglia  of  the 
Star-fish  ;    but  in  the  higher,  we  find  the 
number  of  ganglia  increased,  in  accordance 
with  the  increase  of  the  functions  which  they 
have  to  perform.     The  rimplest  form  of  tbe 
nervous  system  in  this  class,  is  seen  in  the  ac- 
companying figure,  which  represents  one  of  the 
solitary  Tiinicata,  t)ie  Atadia.    At  a  is  seen 
"^•^  the  orifice  by  which  die  water  enters,  fin- 

supplying     the     stomadi    with    food,    and 
aerating  the  blood  (§.  126)  ;    and  at  6,  is 
'''"»L"^'!S:™.*"'  tlie  orifice  by  which  the   current    of  water 
passes  ont  again,  after  it  has  served  tbeto 
purposes.    Between  these  orifices  is  the  ringle  ganglion,  c,  which 
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sends  filaments  to  both  of  them,  and  other  branches  which  spread 
over  the  surface  of  the  mantle,  d.  These  animals  are  for  the  most 
part  fixed  to  one  spot,  daring  nearly  the  whole  of  their  existence; 
and  they  show  but  little  sign  of  life,  beyond  the  continual  entrance 
and  exit  of  the  currents  already  adverted  to.  When  any  sub- 
stance is  drawn  in  by  the  current,  however,  the  entrance  of 
which  would  be  injurious,  it  excites  a  general  contraction  of  the 
mantle ;  and  this  causes  a  jet  of  water  to  issue  from  both  orifices, 
which  carries  the  offending  body  to  a  distance.  And,  in  the  same 
manner,  if  the  exterior  of  the  body  be  touched^  the  mantle  sifd- 
denly  and  violently  contracts. 

436.  These  are  the  only  actions,  which,  so  far  as  we  know, 
the  nervous  system  of  these  animals  is  destined  to  perform. 
They  do  not  exhibit  the  least  traces  of  eyes  or  other  organs  of 
special  sense ;  and  the  only  parts  that  appear  peculiarly  sensitive, 
are  the  small  tentacula  which  guard  the  orifice,  a.  It  would 
seem  as  if  the  irritation  caused  by  the  contact  of  any  hard  sub- 
stance with  these,  or  with  the  general  surface  of  the  animal, 
caused  an  tnttincdve  contraction  of  the  mantle,  having  for  its 
object  to  get  rid  of  the  source  of  the  irritation.  Such  a  move- 
ment could  only  be  performed  by  the  aid  of  a  Nervous  System, 
which  has  the  power  of  receiving  impressions,  and  of  immediately 
exciting  even  the  most  distant  parts  of  the  body  to  act  in  accord- 
ance with  them.  In  the  Sensitive  Plant,  and  Yenus^s  Fly-trap 
(Yboet.  Phts.,  §.  421,  246),  an  irritation  applied  to  one  part 
is  the  occasion  of  a  movement  in  another ;  but  this  takes  place 
slowly,  and  in  a  manner  very  difi^erent  from  the  energetic  and 
immediate  contraction  of  the  mantle  of  the  Tunicata. 

437.  In  the  Conchifera,  or  animals  inhabiting  bivalve  shells, 
there  are  invariably  two  ganglia,  having  difiPerent  functions. 
The  larger  of  these,  corresponding  to  the  single  ganglion  of  the 
Tunicata,  is  situated  towards  the  posterior  end  of  the  body  (b, 
Fig.  171)9  ^^  ^^®  neighbourhood  of  the  posterior  muscle ;  and  its 
branches  are  distributed  to  that  muscle,  the  mantle,  the  gills, 
and  the  siphons.  But  we  find  another  ganglion,  or  rather  pair 
of  ganglia,  situated  near  the  front  of  the  body,  either  upon  or  at 
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tho  sides  of  the  (Bsophaf^s ;  these  ganglia  are  connected  with  the 
Tery  sensitive  tentacula  which  guard  the  month ;  uid  the;  evi- 
dently correspond,  hoth  in  tlieir  position  and  functions,  to  the 
brain  of  higher  animals,  whilst  the  posterior  ganglion  has  for  its 
office  to  regulate  the  respiratory  moTements.     In  the  Ot/tter  and 
others  of  the  tower  Conchifera,  which  have  no  foot,  these  are 
the  only  ganglia ;  bnt  in  those  which  possess  a  foot,  such  as  the 
Peeten,  we  find  an  additional  ganglion  connected  with  iL     In 
the  accompanying  figure  of  the 
nervous  system  of  tlie  Peeten,  it 
is  seen  that  the  cephalic  ganglia 
(or  ganglia  of  the  head),  a   a, 
are  situated  beneath  the  tnaopha- 
gus,  e ;  but  are  connected  with 
each  other  by  a  band  that  arches 
over  it.    They  are  also  connected 
with  the  pedal  ganglion  (or  gan- 
glion of  the  foot)  c,  and  with  the 
bran^ial  or  respiratory  ganglion, 
n ;  bnt  these  last  are  not  connected 
hall         II  ■  B  b      himi     "''*''  eacb  othcr.     In  fact,  it  ia 
t*ii(ii^i  c,  p«(Ui  (inRiion:  r,  mo-     fouod,  by  carefuI  dissection,  that 
P*"*"*  part  of  the  nervous  trunks,  which 

pass  from  the  ganglion  c  into  the  foot,  and  from  the  ganglion  s 
to  the  respiratory  apparatus,  originate  in  the  cephalic  ganglia ; 
whilst  the  greater  part  are  connected  only  with  the  pedal  and 
branchial  ganglia  respectively.  And  there  is  good  reason  to 
believe  that,  whilst  the  eephalie  ganglia  atone  are  the  iustmmenta 
of  tmtalion  and  of  voluntary  power, — so  that  they  exert  a  gene- 
ral control  and  direction  over  the  movements  of  the  animal,— the 
pedal  and  braneiial  ganglia  minister  to  the  reflex  actions  (^  433) 
of  the  organs  which  they  supply. 

438.  A  similar  arrangement  is  found  in  the  higher  Hollnaca, 
among  which  the  ganglia  are  more  numerous,  in  conseqnenoe  of 
the  greater  variety  of  functions  to  be  performed.  Of  this  we  have 
an  example  in  the  Aplytia,  a  sort  of  sea-slug,  somewhat  leeem- 
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bling  those  formerly  alluded  to  (316).  In  proportion  as  we  ascend 
the  scale,  we  find  the  cephalic  ganglia  rising  higher  and  higher 
on  the  sides  of  the  oesophagus ;  and  in 
the  Aplasia  they  meet  on  the  central 
line  above  it,  forming  the  single 
mass  A,  which  receives  the  nerves  of 
the  eyes,  tentacula,  &c.,  and  sends 
branches  of  communication  to  the 
other  ganglia.  The  branches  which  it 
sends  backwards  are  three  on  each 
side.  Of  these,  one  passes  through 
the  ganglionic  masses  c  c,  to  commu- 
nicate with  the  ganglion  b,  which  is 
the  one  connected  with  the  respiratory 
movements.  The  others  are  distri- 
buted with  the  branches  of  the  ganglia 
c  c,  the  function  of  which  is  double ; 
for  one  set  of  branches  from  each  is 
distributed  to  the  mantle  in  general, 
every  part  of  which  (in  these  shell-less 

Molluscs)  is  capable  of  contracting  and  giving  motion  to  the 
body ;  whilst  another  set  is  distributed  to  that  thick  and  fleshy 
part  of  it  which  is  called  its  foot,  and  on  which  the  animal  crawls 
(§.  120).  There  is  another  ganglion,  d,  lying  in  front  of  the 
cephalic  ganglion,  and  also  receiving  branches  of  communication 
from  it ;  this  ganglion  is  specially  connected  with  the  actions 
of  mastication  and  swallowing;  and  is  called  the  pharyngeal 
ganglion. 

439.  Thus  we  see  that  the  cephalic  ganglion  sends  branches 
to  all  the  other  ganglia;  though  these,  having  different  functions, 
do  not  communicate  with  each  other :  and  every  branch  from  the 
cephalic  ganglia  is  distributed,  with  those  of  the  ganglion  it 
enters,  to  the  organs  supplied  by  the  latter.  Hence  every  part 
has  two  sets  of  nervous  connections ;  one  with  the  cephalic 
ganglia ;  and  the  other  with  its  own  ganglion.  By  the  former, 
the  animal  becomes  comdotM  of  impressions  made  upon  it,  these 
impressions  being  converted  in  the  cephalic  ganglia  into  sensa- 
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tioiu;  and  the  influence  of  its  tiuttRcM  or  its  viz/ is  exerted  thraagh 
them,  upon  the  several  parts  of  its  body,  cannng  spontaneous 
motion.  By  the  latter  are  produced  those  r^hx  actions  of  the 
several  organs,  which  do  not  require  sensation  or  will,  but  which 
depend  upon  the  umple  conveyance  of  an  impreeuon  to  the  gan- 
glion, and  the  transmission  of  a  motor  impulse  excited  in  it,  from 
it  to  the  muscles  supplied  by  its  nerves.  Of  these  movements 
in  the  Moltuaca  we  know  but  little;  in  the  Articulata,  however, 
they  are  extremely  remarkable. 

440,     We  have  seen  that,  in  the  Hollusca,  a  smalt  part  only 
of  the  Xervous  System  ministers  to  the  general  movements  of 
the  body;  and  this  corresponds  with  what  has  been  elsewhere 
stated  (§.  75)  of  the  inertness  whieh  is  their  general  character- 
istic, and  of  the  small  amount  of  muscular  structure  which  they 
possess.     On  the  other  band,  in  the  Articulated  classes,  ia 
which  the  apparatus  of  movement  is  so  highly  developed,  and 
whose  actions  are  so  energetic,  we  find  the  Nervous  System 
almost  entirely  subservient  to   this  function.      Its  nsnml  form 
has  been  already  described  (§.  71)  as  a  chain  of  ganglia  con- 
nected by  a  double  cord,  which  coromsncea  in  the  head,  and 
passes  backwards  through  the  body.     In  general,  we  find  a 
ganglion  (or  rather  a  pur  of  ganglia 
united  on   the    middle  line)    in   eadi 
segment;  hence  in  the  Annelida  and 
Mtriapoda,  the  ganglia  are  very  nn- 
merona ;   but  they  are  proportionably 
small.     In    Insects,    the    number   of 
segmenle,  and  oonseqaently  of  ganglia, 
never  exceeds  thirteen ;  and  the  ganglia 
are  larger. — Whatever  be  the  nnmber 
of  the  ganglia,  they  are  usually  but 
repetitions  of  one  another,  the  tnuctions 
of  each  sesment  beinv  the  same  with 

Fis.l7S.-MH*«raSnrrHoru>    ,  ,  7*  ™* 

Ihuct.  thosti  of  the  rest.     Hie  nerves  proceed- 

ing from  them  are  chiefly  distributed  to  the  muscles  of  the  I^; 
or,  where  these  do  not  exist  (as  in  the  Leedi),  to  the  mnadsa 
that  give  motion  to  the  body.    This  is  the  cam  in  the  Lam  of 
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the  insecty  as  in  the  Centipede^  or  Nereis ;  but  in  the  perfect 
Insect  the  case  is  different ;  for  the  apparatus  of  locomotion  is 
confined  to  the  thorax  (§.  103),  and  the  segments  of  the  abdomen 
hare  no  members.  We  accordingly  find  that  the  ganglia  of  the 
thorax,  from  which  the  legs  and  wings  are  supplied,  are  very 
much  increased  in  size,  and  are  sometimes  concentrated  into  one 
mass ;  whilst  those  of  the  abdomen  are  very  small,  one  or  two  of 
them  occasionally  disappearing  altogether. 

441.  A  good  example  of  this  curious  change  in  the  nervous 
system  of  Insects  is  seen  in  the  Sphinx  ligiutH^  or  Privet  Hawk- 
Motli,  as  shown  in  the  accompanying  diagrams.  In  Fig.  174 
the  nervous  system  of  the  Caterpillar  is  represented  ;  this  con> 
sists  of  a  pair  of  cephalic  ganglia  ( 1 ) ; 
firom  which  proceeds,  on  each  side,  a 
cord  of  communication  to  the  first 
ganglion  of  the  trunk  (2),  and  thence 
to  the  other  ganglia  (3—13).  No 
difference  is  seen  in  these  ganglia, 
except  that  the  two  last  are  more 
closely  connected  than  the  rest.  The 
cephalic  ganglia,  with  their  cords  of 
communication,  form  a  ring,  through 
which  the  OBSophagus  passes ;  they  are 
situated  above  it ;  but  in  consequence 
of  the  reversed  position  of  Articulated 
animals,  the  whole  chain  of  ganglia 
of  the  trunk  is  situated  beneath  the 
alimentary  canal  (§.  72). — ^In  Fig.  175 
is  shown  the  Nervous  System  of  the 
perfect  Insect ;  in  which  it  is  seen  that 
the  whole  is  considerably  shortened 
(the  body  of  the  Moth  being  much 
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Pio.  174.— Nbii- 


Fio.  175.— Nwi- 
vous  SvBTRM  or 
Sphinx  lioustri* 


shorter  than  that  of  the  Caterpillar),   vowsSvsTBMor 
and  that  great  changes  have  taken 
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place  in  the  relative  sizes  of  the  ganglia.  The  cephalic  ganglia, 
being  now  connected  with  much  more  perfect  eyes  and  other 
organs  of  sense,  are  greatly  enlarged ;  the  thoracic  ganglia,  from 
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which  the  legs  and  wings  are  supplied,  are  enlarged  and  con- 
centrated ;  whilst  the  abdominal  ganglia  are  relatively  diminished 
in  size,  the  7th  and  8th  being  entirely  wanting. 

442.  When  the  structure  of  the  chain  of  ganglia  is  more  par- 
ticularly inquired  'into,  it  is  found  to  consist  of  two  distinct 
tfXKts ;  one  of  which  is  composed  of  nervous  fibres  only,  and 
passes  backwards  from  the  cephalic  ganglia,  over  the  surface  of  all 
the  ganglia  of  the  trunk,  giving  off  branches  to  the  nerves  that 
proceed  from  them ;  whilst  the  other  connects  the  ganglia  them- 
selves. Hence,  as  in  the  MoUusca,  eyery  part  of  the  body  has 
two  sets  of  nervous  connections ;  one  with  the  cephalic  ganglia ; 
the  other  with  the  ganglion  of  its  own  segment.  Impressions 
made  upon  it,  being  conveyed  by  the  fibrous  tract  to  the  cephalic 
ganglia,  become  seiMatiofu  ;  and  by  the  influence  of  the  ins^neU 
or  vnlly  operating  through  these  same  ganglia,  the  general  move- 
ments of  the  body  are  harmonised  and  directed.  It  is  obvious 
that,  as  the  motions  of  an  animal  are  chiefly  guided  by  its  sight, 
the  cephalic  ganglia  would  have  a  governing  influence  over  the 
rest,  if  only  from  their  peculiar  connection  with  the  eyes ;  but 
there  is  good  reason  to  believe,  that  their  functions  are  still  more 
different  from  those  of  the  ganglia  of  the  trunk,  and  that  sensa- 
tion resides  in  them  alone.  The  motions  produced  by  the  gan- 
glia of  the  trunk,  when  separated  from  the  head,  are  often  very 
remarkable,  and  »eem  at  first  sight  to  indicate  sensation  and  a 
guiding  will ;  but,  when  they  are  carefully  studied,  it  is  found 
that  striking  differences  are  to  be  detected,  by  which  their  nature 
is  found  to  be  simply  reflex^ — a  certain  stimulus  or  irritation 
producing  a  certain  movement,  without  any  choice  or  guidance 
on  the  part  of  the  animal,  and  probably  without  its  conscioufflieas. 
As  there  are  no  animals  in  which  these  reflex  movements  are 
more  remarkable,  than  in  Centipedes  and  Insects,  we  shall  pause 
to  dwell  upon  them  here  in  more  detail. 

443.  If  the  head  of  a  Centipede  be  cut  off,  whilst  it  is  in 
motion,  the  body  will  continue  to  move  onwards  by  the  action  of 
the  legs ;  and  the  same  will  take  place  if  the  body  be  divided 
into  several  distinct  portions.  After  these  actions  have  come  to 
an  end,  they  may  be  excited  again  by  irritating  any  part  of  the 
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nervous  centres,  or  the  cut  extremity  of  the  nervous  cord.  The 
body  is  moved  forwards  by  the  regular  and  successive  action  of 
the  legs,  as  in  the  natural  state  ;  but  its  movements  are  always 
forwards,  never  backwards ;  and  are  only  directed  to  one  side 
when  the  direct  movement  is  checked  by  an  interposed  obstacle. 
There  is  not  the  slightest  indication  of  consciousness  ;  no  direc- 
tion of  object ;  no  avoidance  of  danger.  If  the  body  be  opposed 
in  its  progress,  by  an  obstacle  not  more  than  one  half  its  own 
height,  it  mounts  over  it  and  moves  directly  onwards,  as  in  a 
natural  state ;  but  if  the  obstacle  is  equal  to  its  own  height,  its 
progress  is  arrested,  and  the  cut  extremity  of  the  body  opposed 
to  it  remains  in  contact,  with  the  legs  still  moving.  If,  again, 
the  nervous  cord  of  a  Centipede  be  divided  in  the  middle  of  the 
trunk,  so  that  the  hinder  legs  are  cut  off  from  connection  with 
the  cephalic  ganglia,  they  will  continue  to  move,  but  not  in  har- 
mony with  those  in  the  fore  part  of  the  body, — being  completely 
paralysed  as  far  as  the  animal's  will  is  concerned, — though  still 
capable  of  performing  reflex  movements  by  the  influence  of  their 
own  ganglia.  Or,  again,  if  the  head  of  a  Centipede  be  cut  off, 
and,  while  it  remains  at  rest,  some  irritating  vapour  (such  as 
that  of  ammonia  or  muriatic  acid)  be  caused  to  enter  the  air- 
tubes  on  one  side  of  the  trunk,  the  body  will  be  immediately 
bent  in  the  opposite  direction,  so  as  to  withdraw  itself  as  much 
as  possible  from  the  influence  of  the  vapour  :  if  the  same  irrita- 
tion be  applied  on  the  other  side,  the  reverse  movement  will  take 
place ;  and  the  body  may  be  caused  to  bend  in  two  or  three 
curves,  by  bringing  the  irritating  vapour  in  the  neighbourhood 
of  different  parts  of  either  side.  This  movement  is  evidently  a 
reflex  one,  and  serves  to  withdraw  the  entrances  of  the  air-tubes 
from  the  source  of  irritation ;  just  as  the  act  of  sneezing  in 
higher  animals  causes  the  expulsion  from  the  air-passages  of  any 
irritating  matter,  whether  solid,  liquid,  or  gaseous,  which  may 
have  found  its  way  into  them  ;  and  we  have  no  reason  to  regard 
the  former  as  more  voluntary  than  the  latter,  which  we  know  to 
be  purely  reflex  (§.  342). 

444.     Among  Insects,  we  meet  with  reflex  actions  yet  more 
curious.     The  Mantis  rdigma  (Fig.  176)  is  remarkable  for  the 
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peculiar  conformation  of  its  first  pair  of  legs,  which  serve  as 
olaws  fur  seizing  its  prey;  and  slso  for  the  peculiftr  attitude  which 
it  aasanies,  especially  when  threatened  or  attacked.  Sapportjng 
itself  upon  its  two  hinder  pairs  of  legs,  it  rears  up  its  head  upon 


the  long  first  segment  of  the  thorax,  and  thus  elevates  at  the  same 
time  its  large  and  powerful  arms;  the  resemhlance  fancied  to 
exist  between  this  attitude  and  that  of  prayer,  is  the  cause  of  the 
epithet  religiota  having  been  given  to  it.  Now  if  the  first  s^- 
ment  of  the  thorax,  with  its  attached  members,  be  removed,  tho 
posterior  part  of  the  body  will  still  remun  balanced  upon  the 
four  legs  which  belong  to  it ;  resisdog  any  attempts  to  over- 
throw it)  recovering  its  pomtion  when  disturbed,  and  performing 
the  same  agitated  movements  of  the  wings,  as  when  the  nnmu- 
tilated  animal  is  excited.  But  it  will  remain  quite  at  rest,  so 
long  as  it  is  not  irritated.  On  the  otlier  hand,  the  detached 
portion  of  the  thorax,  which  contains  a  ganglion,  will,  when  sepa- 
rated from  the  head,  set  in  motion  its  long  arms,  and  impress 
their  hooks  on  the  fingers  which  hold  it. — Agiun,  a  specimen  of 
Dytitcu*  (a  Water- Beetle),  from  which  the  cephalic  ganglia 
had  been  removed,  executed  the  usual  swimming  motions,  when 
east  into  water,  with  great  energy  and  rapidity,  striking  all  ita 
comrades  to  one  side  by  its  violence ;  in  these  it  pernsted  for  half 
an  hour ;  bnt,  vrhibt  previously  lying  on  a  dry  surface,  no  such 
movements  were  excited. 

44S.  From  these  and  similar  facts  it  appears,  that  the  ordi- 
nary movements  of  the  lege  and  wings  of  Articulated  animals  are 
of  a  reflex  nature,  and  are  dependent  only  upon  the  ganglia  with 
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which  these  organs  are  severally  connected ;  whilst  in  the  per* 
feet  animal,  they  are  harmonised,  controlled,  and  directed  hy  its 
instinct  or  will  (guided  hy  its  sensations),  which  act  through  the 
cephalic  ganglia  and  the  trunks  proceeding  from  it.  When  we 
come  to  compare  the  reflex  movements  of  Insects  with  those  of 
the  higher  animals,  we  shall  perceive  that  there  is  no  necessity 
to  suppose  the  ganglia  of  the  trunk  to  he  in  thenuelves  endowed 
with  sensihility ;  so  that,  when  the  head  is  cut  off,  or  the  cephalic 
ganglia  are  removed,  or  their  connection  with  any  part  of  the 
body  is  interrupted  by  division  of  their  nervous  cord,  no  sensation 
is  felt,  however  much  the  movements  it  performs  may  seem  at 
first  to  indicate  this.    (See  §.  467.) 

446.  From  this  account  of  the  structure  and  uses  of  the  chain 
of  ganglia  in  the  Articulata,  it  is  obvious  that  these  ganglia  are 
so  many  repetitions  of  the  pedcU  ganglia  (or  ganglion  of  the  foot) 
of  the  Mollusca ;  and  we  have  not  yet  had  to  notice  any  ganglia 
appropriated  to  other  functions.  In  Fig.  175,  however,  is  seen 
a  small  ganglion  in  front  of  the  cephalic  mass,  which  corresponds 
to  the  phatyn^eal  g&ngliou  of  the  Aplysia  (Fig.  172,  d)  ;  and 
we  have  now  to  describe  an  entirely  distinct  system  of  nerves, 
appropriated  to  the  function  of  reiptro/ion.  As  the  respiratory 
apparatus  of  Articulata,  instead  of  being  confined  to  one  spot, 
as  is  that  of  the  Mollusca,  is  dispersed  through  the  body  (§§.316 
and  320),  the  ganglia  which  minister  to  its  actions  are  repeated 
in  the  several  segments.  There  is,  in  fact,  a  chain  of  minute 
ganglia  lying  upon  the  larger  cord,  and  sending  off 
its  nerves  between  those  proceeding  from  the  latter, 
as  is  seen  in  Fig.  174.  These  respiratory  ganglia 
and  their  nerves  are  best  seen  in  the  front  of  the 
body,  where  the  cords  that  pass  between  the  gan- 
glia diverge  or  separate  from  each  other.  This  is 
shown  on  a  larger  scale  in  Fig.  177 ;  where  a  b,  a  b,  y^^  i77._por. 
are  two  pairs  of  ganglia  in  the  thoracic  region,  con-  "oHor  thrNbr- 
nected  by  two  cords  which  diverge  from  one  ano-  in:>bct,  showing 
thcr ;  and  between  these  are  seen  the  small  respira-  ^gii7*^J^"^'^ 
tory  ganglion  a,  and  its  branches  6,  b.  Tliese  nerres. 
branches  are  distributed  to  the  air- tubes  and  other  parts  of  tlie 
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respiratory  apparatus ;  and  communicate  with  thoae  of  the 
other  sfstein.  W^e  shall  6nd  that,  even  ia  the  highest  Vertebrata, 
there  is  a  portion  of  the  nerTous  centres,  which  is  set  apart  for 
the  maintenance  of  the  respiratory  actions,  and  which  may  be 
regarded  as  the  respiratory  ganglion ;  though  it  is  so  closely 
connected  with  other  parte  of  the  mass,  as  to  aeem  hut  a  part  of 
it  (§.  450). 

447.  In  the  higher  Invertebrata,  both  among  the  Articulated 
and  Molluscous  classes,  we  find  a  tendency  to  the  concentration 
of  the  ganglia  into  one  or  two  maeaet, — -canj^ng  to  a  greater 
extent  that  which  has  been  already  noticed  in  the  perfect  Insect 
(§.  441).  Thus  in  the  Spider,  the  cephalo- thorax  contains  a 
single  large  ganglion  (i,  Fig.  46),  from  which  all  the  legs  are 
supplied.  The  same  is  the  case  in  the  Crab,  whoee  nervous 
system  is  repnaeoted 
""in  Fig.  178.  Beades 
"°  this  mass,  t,  however, 

a    wliich  is  utuated  be- 
r  neath  the  alimentary 

(  canal,  there  is  a  single 

■»  ""or     double     cephalic 

ganglion,  c,  which  re- 
ceives the  norves  firoro 
"  ,    the  oigans  of  aenSB, 

and  sends  hack  wards, 
„P  to  communicate  with 
the  mass,  I,  a  pur  of 
cords  that  separate  to 
give  passage  to  the 
Pin.  i;h-Nu>wi  fiTiriH  or  cui  [Xaia).  OBSophagiiB,        round 

«•,  upperpart  of  the  Ihtll  laid  open  ;  a,  utaBTi>(  n,  which  tbey  form  a 
"jrw;    (,  ■tomuh :    c,   oephalio   gungllon;    no,  optio        _.        r  ii 

i:i.I^CirB^'".""'""' '"''■''"""'"  "'"*'■'"''■  A""^  *^«'™  are'otlier 
small  ganglia  and 
nerves,  connected  with  the  operations  of  mastication  and  diget- 
tion ;  these  are  called  ttomato-ga^rie  (from  two  Greet  woids, 
meaning  the  mouth  and  the  stomach). 


448.  A  similu-  concentration,  though  with  a  different  ar- 
nngeraent  of  parts,  ia  seen  in  the  nervous  system  of  the  Pouip, 
one  of  tlie  Cephalopoda  {§.  61).  Thare  ii  itill  a  nerTons  collar 
throngh  which  the  cBBophagos  paaeee  (a.  Fig.  179) ;  bnt,  the 
or^BOB  of  locomotion  being  the  enlarged  tentacula  that  SDiToDnd 
the  mouth,  tlie 
nerree  given  off  to 
them  arise  from 
ganglia,  that  form 
part  of  the  cepha- 
lic mass,  b,  b,  in- 
ttead  of  beiog  lo- 
cated at  a  distance 
from  it.  At  o 
ar«  Been  the  optic 
nerves,  proceeding 
from  distinct  gan- 
glia ;  and  at  e  is 
a  ganglionic  mass 
which  seems  to 
bear  more  resem- 
blance to  the  pro- 
per brain  of  higher 
animals,  than  does 
any  that  we  else- 
where find  in  the 
Invertebrata.  In 
front  of  this  are 
two  ganglia  on  the 
middle  line,  both 
of  which  belong  to 
Hm  tvmato-gattrie 

,  '  Pio.  i;9.-N«ivou.  SiraTui  or  Orroro.  (Ponlpl. 

system,    one   sup- 
plying the  lipe  and  the  other  the  pharynx.     From  the  mass,  g, 
situated  beneath  the  oesophagus,  there  pass  backwards  two  cords 
m  m,  each  of  which  baa  a  ganglion  e  upon  its  course,  and  from 
this  are  given  off  nmves  to  the  general  surface  of  the  mantle ; 
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and  also  other  two  cords,  which  run  backwards  to  supply  the 
Tiscera,  and  especially  the  gills, — each  passing  through  a  small 
long  ganglion,  r,  before  entering  them.  It  would  seem  as  if  the 
ganglia  e  and  r  corresponded  with  the  ganglia  c  and  b  in  the 
Aplysia ;  but  as  if,  in  consequence  of  the  great  enlargement  of 
the  cephalic  mass,  they  were  proportionally  reduced  in  size. 

449.  In  the  nervous  system  of  Yertebrated  animals,  the 
ganglia  are  no  longer  scattered  through  the  body ;  but  are  united 
into  one  continuous  mass ;  and  this  mass,  known  as  the  hrmn 
and  ipinal  cordy  is  enclosed  within  the  bony  casing  formed  by 
the  skull  and  vertebral  column,  in  such  a  manner  as  to  be  pro- 
tected by  it  from  injuries  to  which  it  would  otherwise  be  con- 
tinually liable  (§.  64,  65).  We  have  seen  that,  among  the  In- 
vertebrated  classes,  the  nervous  system  has  no  such  peculiar 
defence,  but  lies  among  the  other  organs,  sharing  with  them  the 
protection  afforded  by  the  general  hard  envelope  of  the  body. 
But  in  the  Yertebrata,  its  development  is  so  much  higher,  and 
its  importance  so  much  greater,  that  special  care  is  taken  to 
guard  it  from  injury. — ^The  term  brcUn  is  commonly  applied  to 
the  whole  mass  of  nervous  matter  contained  vnthin  the  cavity  of 
the  skull ;  but  this  consists  of  several  distinct  parts,  which  have 
obviously  different  characters.  The  principal  mass  in  Man  and 
the  higher  Yertebrata  is  that  which  is  termed  the  Certlrum  (a, 
Fig.  184) ;  this  occupies  all  the  front  and  upper  part  of  tlie 
cavity  of  the  skull,  and  is  divided  into  two  halves  or  hemtspkem^ 
by  a  membranous  partition  which  passes  from  back  to  front 
along  the  middle  line.  Beneath  this,  at  the  back  part  of  the 
skull,  is  another  mass,  much  smaller,  but  still  of  considerable 
size,  termed  the  Cerebellum  (5,  Fig.  184) ;  and  this  also  is 
divided  into  two  hemispheres.  At  the  base  or  under  side  of  the 
cerebrum,  and  completely  covered  in  by  it,  are  two  pairs  of 
ganglia,  which  belong  to  the  nerves  of  smell  and  sight  (1  and  ^, 
Fig.  185).  We  shall  presently  find  that  these  are,  relatively 
speaking,  much  larger  in  the  lower  Yertebrata  than  in  the 
higher. 

450.  The  several  masses  of  nervous  matter  contained  in  the 
skull  are  connected  with  each  other,  and  with  the  spinal  cord. 
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by  bands  of  nerTous  fibres ;  in  fact,  a  considerable  part  of  the 
spinal  cord  consists  of  bundles  of  fibres  issuing  from  the  skull,  to 
be  distributed  to  the  several  parts  of  the  body.  But  the  spinal 
cord  has  also  distinct  properties  of  its  own,  which  show  that  it 
is  to  be  regarded  as  analogous  to  the  chain  of  ganglia  in  Insects, 
or  to  the  ganglia  scattered  through  the  bodies  of  the  Mollusca. 
The  upper  part  of  it,  which  passes  up  into  the  cavity  of  the 
skull,  is  termed  the  Medulla  Oblongata  (/,  Fig.  186).  This  is 
connected  with  the  nerves  of  respiration,  mastication,  and  deglu- 
tition ;  and  may  be  regarded  as  combining  together  the  respi- 
ratory and  stomatO'^cutric  ganglia  of  the  In  vertebra  ta.  The 
remainder  of  the  spinal  cord,  which  descends  through  the  verte- 
bral column,  sends  its  nerves  to  the  limbs  and  trunk ;  and  may 
be  regarded  as  analogous  to  the  chain  of  ganglia  by  which  the 
corresponding  parts  are  supplied  in  Insects. 

451.     The  nerves  which  issue  from    the   Spinal   Cord,   all 
possess  two  sets  of  roots ;  one  from  the  anterior  portion  of  the 
cord,  the  other  from  its  posterior  portion  (Fig.        a 
180).  The  fibres  which  come  off  by  these  two  sets 
of  roots  soon  unite  into  the  trunk  of  the  nerve ; 
which    thus   possesses  the   properties  common 
to  both.     It  has  been  ascertained  by  numerous 
experiments,  that  the  posterior  set  of  roots  consists 
of  those  fibres  that  bring  impressions  from  the 
body  in  general  to  the  Spinal  Cord ;  which  impres-  ^    -^ 

sions,  if  they  are  carried  on  to  the  Brain,  become  ^'c.  leo. 

sensations.  On  the  other  hand,  the  anterior  roots  spinal  cord,  show- 
consist  of  fibres  which  convey  motor  influence  Jffirjhe  origin  of  tho 

\  nervea :    a,    spinal 

from  the  Spinal  Cord  and  Brain,  to  the  muscles  cord ;  b,  posterior 
of  the  body.  Thus,  if  the  spinal  cord  of  an  S^n  iteeoSS©;*^. 
animal  be  laid  bare,  and  the  posterior  set  of  roots  ^^'^f  «»*j    «. 

'       ^      ^      ■*  trunk  formed  by  the 

be  touched,  acute  pain  is  obviously  produced ;  union  of  both ;  /, 
whilst,  if  the  anterior  roots  be  irritated,  violent  "*^^  ' 
motions  of  the  muscles  supplied  by  that  nerve  are  occasioned. 
Both  these  roots  contain  fibres  that  connect  them  with  the  brain 
as  well  as  with  the  spinal  cord  ;  so  that,  through  the  same  trunk, 
either  of  these  centres  may  act  upon  the  part.     We  shall  pre- 
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sently  find  that  there  is  good  reason  to  believe  the  Bram  to  be 
the  seat  of  sensibility  and  voluntary  power ;  whilst  the  Sj^sud 
Cord  is  the  instrument  of  those  r^ex  actions,  which  take  place 
mechanically  as  it  were,  without  direction  on  the  part  of  the 
animal,  and  which  are  concerned  in  the  maintenance  ^  the 
organic  functions  of  the  body,  and  in  its  preservation  from 
injury, 

452.  The  relative  proportions  which  these  different  parts 
present,  are  very  different  in  the  several  classes  of  Yertebrata. 
We  find  that,  among  the  lower,  the  ganglia  connected  with  the 
organs  of  sense  (which  are  analogous  to  the  cephalic  ganglia  of 
the  Invertebrata)  are  very  large,  and  occupy  a  considerable  part 
of  the  cavity  of  the  skull ;  whilst  the  eerebrum  and  cerebellum 
are  comparatively  small. — ^The  Cerebrum  increases,  as  we  ascend 
the  scale,  in  proportion  to  the  development  of  the  inteUigeneef  and 
the  predominance  which  it  gradually  acquires  over  blind  unde- 
signing  instinct  (Chap.  xiv.).  Its  greatest  development  is  seen 
in  Man. — Tlie  Cerebellum  seems  to  be  connected  with  mnscnlar 
motion,  and  to  bear  a  proportion  in  size  with  the  variety  and 
complexity  of  the  movements  which  the  animal  peiforms, 
serving  to  harmonise  these  and  blend  them  together ;  and  it  is 
largest  in  those  animals  which  have  to  be  constantly  exerting 
themselves  to  maintain  their  balance, — sach  as  Man,  and  the 
higher  Monkeys. — On  the  other  hand,  the  Spinal  Cord,  and  tbe 
nerves  proceeding  from  it,  are  largest  in  those  animals  in  whidi 
the  brain  is  smallest. 

453.  It  is  in  Fishes,  that  we  find  the  brain  least  developed, 
and  the  cerebral  hemispheres  bearing  the  smallest  proportion  to 
the  other  parts.  On  opening  the  skull,  we  usually  observe  Ibnr 
nervous  masses  (three  of  them  in  pairs)  lying,  one  in  front  of  the 
other,  nearly  in  the  same  line  with  the  spinal  oord.  Those  of 
the  first  pair  are  the  olfactory  ganglia^  or  the  ganglia  of  the  nerves 
of  smell  (Fig.  181  A,  ol).  In  the  Shark,  and  some  other 
Fishes,  these  are  separated  from  the  rest  by  peduncles  or  foot- 
stalks (B,  ol);  a  fact  of  much  interest,  as  explaining  the 
arrangement  which  we  find  in  Man  ($.  458).  Behind  these 
is  a  pair  of  ganglionic  masses,  of  which  the  relative  size  varies 


NERVOUS   SYSTEM   OF   FISHES   AND    REPTILES. 


347 


considerably  in  different  fishes;  thus  in  the  Cod,  they  are  much 
smaller  than  those  which  suc- 


H 


Fiu.  181.-~Bhain8  of  Fikhrs. 
A,  Cod  ;  B,  Shark. 


ceed  them ;  whilst  in  the  Shark 
they  are  as  much  larger.  These 
are  ihecerebrcU  hemispheres  (ch). 
Behind  these,  again,  are  two 
large  masses,  op^  the  optic  gan- 
glia^ in  which  the  optic  nerves 
terminate.  And  at  the  back  of  ^^^ 
these,  overlying  the  top  of  the  ** 
Spinal  Cord,  is  a  single  mass, 
the  cerebdlufn  {ce) ;  this  is  seen 
to  be  much  larger  in  the  active 
rapacious  Shark,  the  variety  of 
whose  movements  is  very  great, 
than  in  the  less  energetic  Cod.  The  Spinal  Cord  (sp)  is  seen  to  be 
divided  at  the  top  by  a  fissure,  which  is  most  wide  and  deep 
beneath  the  cerebelhmi,  where  there  is  a  complete  opening  be- 
tween its  two  halves.  This  opening  corresponds  to  that  through 
which  the  oesophagus  passes  in  the  Invertebrata ;  but,  as  the 
whole  nervous  mass  of  Yertebrated  animals  is  above  the  alimen- 
tary canal  (§.  66)^  it  does  not  serve  the  same  purpose  in  them  ; 
and  in  the  higher  classes,  the  fissure  is  almost  entirely  closed,  by 
the  union  of  the  two  halves  on  the  central  line. 
454*     In   Rf.ptiles,   we   do  not  observe  any  considerable 

advance  in  the  character  of  the  brain,  beyond  that 
'        of  Fishes ;  save  that  the  Cerebral  hemispheres  are 

usually  larger,  extending  forwards  so  as  to  cover  in 
f       the  Olfactive  ganglia  (Fig.  182).    The  Cerebellum 

is  generally  smaller,  as  we  should  expect  from  the 

inertness  of  these  tinimals,  and  the  want  of  variety 
FiD»  i«2^Braik  in  their  movements  (§.  480).  The  Spinal  Cord  is 
a,*Urcbrai  hemi-  ^^^^^  ^^^  large,  iu  proportion  to  the  nervous  masses 


;  *»op**o  contained  in  the  skull ;  and,  as  we  shall  hereafter 
beaiiin;*d,  spinal  see,  its  power  of  keeping  up  the  movements  of  the 
***•  body,  after  it  has  been  cut  oflF  from  connection  with 

the  brain,  is  very  considerable. 
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455.  In  Birds,  however,  we  find  a  considerable  advance  in 
the  character  of  the  brau,  towards  that  which  it  presents  in 
Mammalia.     The  Cerebral  hemispheres  (a,  Fig.  183)  are  grestly 

increased  in  size,  and  cover  in,  not  only  the 
\         olfactory  ganglia,  but  also  in  great  part  the 
\      optic  ganglia,  b.     The  Cerebellnm,  c,  also,  is 
\    much  more  developed,  as  we  should  expect 
J   from    the    number    and  complexity  of  the 

*  v4^^^5^     movements  performed  by  the  animals  of  tliia 

^      ^^^^^^^/       class;    but  it  is  still  undivided    into  hcmi- 

^    ir        spheres.     The  Spinal  Cord,  rf,  is  still  of  con- 

**  v=J  siderable  size,  and  is  much  enlarged  at  the 

Fio.  183L— Brain  or     points  from  which  the  nerves  of  the  wings 

and  legs  originate ;  in  the  species  whose  flight 
is  most  energetic,  the  enlargement  is  the  greatest  in  the  neigh- 
bourhood of  the  wings ;  but  in  those  which,  like  the  Ostrich, 
move  principally  by  running  on  the  ground,  the  posterior  enlarge- 
ment from  which  the  legs  are  supplied  with  nerves,  is  the  more 
considerable. 

456.  In  the  Mammalia,  we  find  the  size  of  the  Cerebral 
hemispheres  very  greatly  increased,  especially  as  we  rise  towards 
Man ;  whilst  the  olfactive  and  optic  ganglia  are  proportionally 
diminished,  and  are  completely  covered  in  by  them.  The  sur- 
face of  the  cerebral  hemispheres  is  no  longer  smooth,  as  in  most 
of  the  lower  classes,  but  is  divided  by  furrows  into  a  series  of  eon- 
voltUians  (Fig.  185)  ;  by  these,  the  surface  over  which  the  blood- 
vessels come  into  relation  with  the  nervous  matter  is  very  greatly 
increased ;  and  we  find  the  convolutions  more  marked  as  we  rise 
from  the  lowest  Mammalia,  in  which  they  scarcely  exist,  towards 
Man,  in  whom  the  furrows  are  deepest.  The  two  hemispheros 
are  much  more  closely  connected  with  each  other,  hj  means  of 
fibres  running  across  from  either  side,  than  they  are  in  the  lower 
tribes ;  and  in  fact,  a  considerable  part  of  their  mass  is  made  up 
of  fibres  that  pass  among  their  different  portions,  uniting  them 
with  each  other.  The  Cerebellum,  also,  is  divided  into  two 
hemispheres  (&,  Fig.  184)  ;  and  the  gray  matter  in  its  interior 
has  a  very  complex  and  beautiful  arrangement,  which  causes  it 
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to  present  a  tree-like  upect  when  it  is  cut  across  (</,  Fig.  ISii). 
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The  Spinal  Cord  is  much  reduced  in  size,  when  compared  with 
the  other  parts  of  the  nervous  centres ;  the  motions  of  the 
animal  now  depending  more  upon  its  will»  and  being  more 
guided  by  its  sensations ;  and  the  simplj  refiex  actions  bearing  a 
much  smaller  proportion  to  the  rest. 

457.  The  general  arrangement  of  the  nervous  centres,  and 
distribution  of  the  nervous  trunks,  of  Man,  are  shown  in  Fig. 
184.  At  a  are  seen  the  hemispheres  of  the  Cerebrum ;  at  5  those 
of  the  Cerebellum ;  and  at  e^  the  Spinal  Cord.  The  principal 
motor  nerve  of  the  face  (the  facial)  is  seen  at  d;  and  at «  is 
seen  the  brachial  plexuty  a  sort  of  network  of  nerves,  originating 
by  several  roots  from  the  spinal  cord,  and  going  to  supply  the 
arm.  From  this  plexus  there  proceed  the  mediim  nerve,//  the 
ulnar  nerve,  ff  ;  the  iiUemal  cutaneoui  nerve,  h  ;  and  the  radid 
and  mtuculO'CUtaneoui  nerves,  t.  From  the  Spinal  Cord  are 
given  off  the  intereotkU  nerves,  j^  passing  between  the  ribs ;  the 
nerves  forming  the  lumbar  plexus,  k^  from  which  the  front  of  the 
leg  is  supplied ;  and  those  forming  the  sacreU  plexus,  /,  from 
which  the  back  of  the  leg  is  supplied.  The  latter  gives  origin 
to  the  yraof  iciaiie  nerve;  which  afterwards  divides  into  the 
tibial  nerve,  m;  the  peronsal  or  JUndar  nerve,  n  ;  the  exierMol 
iaphenoui  nerve,  o  ;  and  other  branches. 

458.  We  shall  now  examine  the  structure  of  the  Brain  itself 
and  the  arrangement  of  the  nerves  which  proceed  from  it ;  con- 
fining ourselves  to  the  points  of  most  importance,  and  neglecting 
those  which  are  interesting  only  to  the  professed  anatomist. 
The  accompanying  figure  represents  a  perpendicular  section  of 
the  Brain,  down  its  middle ;  separating  the  two  hemispheres,  by 
cutting  across  the  band  that  unites  them.  We  first  remark  the 
very  large  size  of  the  Cerebrum ;  which  is  usually  deecribed  as 
consisting  of  three  lobes  or  divisions, — a,  the  anterior ;  ft,  the 
middle ;  and  c,  the  posterior.  We  notice  the  convolutions  npoo 
the  surface  of  the  hemisphere;  and  the  broad  band  of  fibres,/ 
(termed  the  corpus  ealhtum)^  by  which  it  is  united  to  its  fellow. 
At  d  is  seen  the  Cerebellum  ;  with  the  curious  appearance 
(termed  arbor  nius^  or  the  tree  of  life)  which  its  gray  matter 
exhibits  when  cut  through.     At  e  is  seen  the  Spinal  Cord  ;   and 
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It  J  the  opfic  lobet  or  ganglia,  buried  as  it  were  beneath  tlip 
cerebral  hemisphereB.    The  olfactory  ganglia  are  also  very  Binall, 


ooonsting  merely  of  bulbous  enlai^raents  upon  the  trunlc  of  the 
iHfadary  nervti  (1),  which  are  the  first  pair  given  off  from  the 
brain.  From  these  bulbons  enlargements  ( which,  though  covered 
in  by  the  cerebram,  are  separated  from  it  by  foot-stalks,  as  in 
the  Shatk,  §.  453),  are  given  off  the  small  branches  which  pass 
down  into  the  nose,  (§.  506).  Next  to  these  are  the  optie  tienet 
(2),  which  may  be  traced  backwards  to  the  optic  ganglion,  ji. 
The  tAird,  fourth  (4),  and  $ixth  pairs  (6),  are  nerves  of  motion 
only,  and  are  distributed  to  the  muscles  of  the  eye.  The  fifth 
pair  is  for  the  most  part  a  nerve  of  sensation  only.  Before 
leaving  the  skull,  it  divides  into  three  great  branches;  of  which 
the  fint  (5)  passes  into  the  orbit  (or  cavity  in  which  the  eye  is 
lodged),  endows  the  parts  contained  in  it  with  sensibility,  and 
then  comes  out  beneath  the  eyebrow,  to  be  distributed  to  the 
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forehead  and  temples ;  the  second  (5')  passes  just  beneath  the 
orbit,  and  makes  its  way  out  upon  the  face,  supplying  the  cheeks, 
nose,  upper  lip,  &c.,  which  it  endows  with  sensibility ;  whilst 
the  third  (5'^),  which  (like  the  spinal  nerves)  possesses  a  motor 
root  also,  supplies  the  muscles  of  mastication  with  the  power  of 
moying,  and  the  parts  about  the  mouth  with  sensibility.  The 
sewnth  pair  (7))  or  facial^  is  the  general  motor  nerve  of  the  face; 
and  this  does  not  endow  the  parts  which  it  supplies  with  the 
least  sensibility.  Beneath  the  origin  of  this  nerve  is  seen  the 
cut  extremity  of  another  trunk,  that  of  the  auditory  nerve,  or 
nerve  of  hearing.  At  9  is  seen  the  glo990-pharyngeal  nerve, 
which  supplies  the  back  of  the  mouth  and  pharjmx,  and  is  con- 
cerned in  the  act  of  swallowing.  Originating  from  the  upper 
part  of  the  spinal  cord  (or  medulla  oblongata)  very  near  this,  is 
the  pneumo-g(utric  nerve,  or  par  vagum  (10),  which  supplies  the 
lungs  and  air-passages,  and  also  the  heart  and  stomach.  Below 
this,  again,  is  the  hffpoglostal  nerve  (11),  which  gives  motion  to 
the  tongue ;  at  12  is  a  nerve  termed  the  tpinal  aeeeaofy^  which 
is  concerned  in  the  acts  of  respiration ;  and  at  13  and  14  are  two 
of  the  regular  spinal  nerves. 

459.  Although  several  of  these  nerves  seem  to  come  oflT  Irom 
the  Brain,  yet  they  are  all  really  connected  with  the  Spinal  Cord. 
In  fact,  it  is  probable  that  every  one  of  them,  like  the  spinal 
nerves  (§.  451),  contains  one  set  of  filaments  which  commnnicaies 
with  the  Cerebral  hemispheres ;  and  another  set  which  terminates 
in  the  Spinal  Cord. 

460.  A  general  connected  view  of  the  Brain  and  Spinal 
Cord  is  given  in  Fig.  186 ;  which  represents  the  front  of  the 
latter,  with  the  Brain,  a,  turned  back,  so  as  to  expose  its  under 
side.  At  h  is  seen  its  anterior  lobe  ;  at  6  its  middle  lobe ;  and 
its  posterior  lobe,  d^  is  almost  entirely  concealed  by  the  Cere- 
bellum, e.  At  /'  is  shown  the  Medulla  Oblongata^  or  upper 
end  of  the  Spinal  Cord,  //.  The  brachial  plexus  is  seen  nt  ^, 
formed  by  the  nerves  that  originate  in  the  cervical  region  of  the 
cord ;  at  A  is  the  lumbar  plexus  formed  by  the  nerves  of  the 
lumbar  portion ;  and  at  X;  is  the  sacral  plexus  formed  by  the 
sacral  nerves.     The  spinal  cord  terminates  at  its  lower  extremity 
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in  a  bundle  of  nerves,  to  which  the  name  eauda  equina  ie  given, 
from  its  reeemblance  to  a  horse's  tail.  The  i       •  i 

ruions  pairs  of  nerves  from  1  to  14  are  ' 
the  same  as  in  the  preceding  description;  • 
15  and  16  are  nerves  from  the  upper  *  , 

part  of  the  cervical  region  ;    25,  a  pair  '  ^_ 

from  the  dorsal  region ;  and  33,  a  pair  <«  ; 

from   the  lumbar    region.      All    these  >■  it 

spinal  nerves  find  their  way  out  through  » 

tpertores     in    the    vertebral     column,  ' 

which  are  formed  by  a  union  of  two  • 

notches,  one  in  each  of  the  adjoining 
vertebra.  u 

461.  The  system  of  nerves  which  we 
have  been  describing  is  termed  the  cere- 
bro-spinai;  but  it  is  not  the  only  set  of 
nerves  and  ganglia  cont^ned  within  the 

bodies  of  Vertebrated  animals.    In  front  '" 

of  the  vertebral  column  there  is  a  chain 
of  oblong  ganglia,  which  communicate 

with  two  large  ganglia  that  lie  among  i 

the  intestines,  and  with  several  small 
ganglia  in   the  head  and  other  parts,   t 
They  communicate  also  with  the  poste-  " 

rior  roots  of  the  spinal  nerves,  on  which 
are  another  set  of  ganglia  (c.  Fig.  180), 
that  seem  to  belong  to  this  system.  The 
nerves    proceeding    from    this    system, 

which  is  called  the  sympat&elic,  are  p,,,.  ia6_BiiAm  abospiii*!. 
not  distributed,  like  those  of  the  cere-  Co^otMAn. 

bro-spinal,  to  the  skin  and  muscles  ;  but  to  the  organs  of  digeS' 
tioa  and  secretion,  and  to  tlie  heart  and  blood-vessels.  Hence 
the  former  system  of  nerves,  being  that  by  which  sensations  are 
received  and  spontaneoas  motions  executed,  is  called  the  nereotts 
tyglem  of  animal  life;  whilst  the  latter,  being  connected  with 
the  nutritive  processes  alone,  is  termed  the  nervom  ti/tlan  of 
(rrganie  life.     What  is  the  nature  of  the  influence  which  it  exerts 
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over  the  functions  of  the  organs  to  which  it  is  distributed,  is  not 
yet  clearly  made  out.  The  sympathetic  nerves  distributed  to  the 
alimentary  canal  have  been  ascertained  to  have  the  power  of 
exciting  its  peristaltic  actions;  but  they  do  this  in  Yiitne  of 
filaments  from  the  cerebro-spinal  system  which  they  contain. 
Those  which  are  distributed  with  the  blood-vessels  (on  the  ooats 
of  which  they  form  a  minute  net- work)  to  the  glands,  seem  to 
have  the  power  of  influencing  the  nature  of  their  secretions ;  and 
probably  form  the  channel  through  which  the  passions  and 
emotions  of  the  mind  affect  them  (§.  353).  We  have  a  familiar 
example  of  the  influence  of  these  states  of  mind  upon  the  circii- 
lation,  in  the  acts  of  blushing  and  turning  pale  from  agitation  of 
the  feelings ;  and  a  more  decided,  but  less  frequent  one,  in  the 
fainting  which  sometimes  occurs  from  a  sudden  shock.  It  is 
probable  that  the  Sympathetic  system  further  serves  to  harmonise 
and  blend  together  the  various  actions  of  nutrition,  secretion,  &c. ; 
in  such  a  manner  as  to  bring  them  into  conformity  with  each 
other,  and  with  the  condition  of  the  organs  of  animal  life. 

462.  Although  there  is  an  apparent  resemblanoe  between 
the  Sjrrapathetic  system  of  Yertebrata,  in  regard  to  the  scattered 
arrangement  of  its  ganglia,  and  the  Nervous  Systems  of  Artieo- 
lated  and  Molluscous  animals,  yet  there  is  no  real  analogy 
between  them  ;  for  the  latter,  like  the  Cerebro-Spinal  system  of 
Vertebrated  animals,  are  almost  exclusively  distributed  to  the 
organs  of  animal  life ;  and  the  mere  similarity  in  the  arrange- 
ment of  the  ganglia,  is  not  enough  to  establish  such  an  analogy, 
when  the  difference  in  their  functions  is  so  important. 

463.  We  shall  now  consider,  in  more  detul,  the  functions  of 
the  different  parts  of  the  Cerebro-Spinal  System  in  Man  and  the 
higher  animals;  referring  occasionally  to  the  In  vertebrated 
classes,  for  illustrations  which  they  can  best  afford.  We  shall  com- 
mence by  examining  the  functions  of  the  Spinal  Cord  and  Medolla 
Oblongata,  which  are  the  parts  concerned  in  Reflex  Action. 

Functions  of  the  Spinal  Cord.'-^R^lex  Action. 

464.  The  Spinal  Cord  of  Vertebrated  Animals  may  be  coo- 
sidered  as  a  collection  of  ganglia,  analogous  to  those  <rf  which 
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the  ganglionic  cord  of  Articulata  is  composed ;  tliese  ganglia 
being  united,  however,  in  an  unbroken  line,  instead  of  being 
distinct  from  one  another,  and  made  to  communicate  by  con- 
necting cords.  Of  the  nerves  which  pass  off  from  the  Spinal 
Cord,  some  of  the  fibres  (as  already  stated,  §.451)  terminate  in 
the  gray  matter  which  occupies  its  interior ;  whilst  others  are 
continuous  with  its  white  or  fibrous  portions,  and  pass  on 
through  the  Medulla  Oblongata  to  the  brain.  The  former  set, 
therefore,  constitute  the  spinal  portion  of  the  nervous  trunks ; 
whilst  the  latter  are  to  be  regarded  as  their  eerebnd  portion. 
On  the  principle  formerly  stated  (§.  428)  of  the  separate  action  of 
the  individual  fibres,  there  can  be  little  doubt  that  the  spinal 
and  cerebral  systems  of  nerves  are  really  as  distinct  from  one 
another,  as  if  they  were  separately  distributed  to  the  parts  which 
both  supply,  instead  of  being  (for  the  sake  of  convenience,  as  it 
would  appear)  bound  together  in  the  same  sheath. 

465.  Tlie  cerebral  system  of  nerves  conveys  impressions  from 
every  part  of  the  body  to  the  hrain^  where  they  are  communi- 
cated to  the  mind, — that  is,  the  individual  becomes  contciotu  of 
them,  GT  feels  them  as  sensations.  And  by  the  fibres  of  the  same 
system  which  pass  from  the  brain  to  the  muscles,  the  foill  acts 
upon  these  in  producing  voluntary  motion.  Now  the  brain  is 
not  in  constant  action,  even  in  a  healthy  person ;  it  requires 
rest;  and  during  profound  sleep,  it  is  in  a  state  of  complete 
torpor.  Yet  we  still  see  those  movements  continuing*  which 
are  essential  to  the  maintenance  of  life, — the  breathing  goes  on 
uninterruptedly, — liquid  poured  into  the  mouth  is  swallowed, — 
and  the  position  is  changed,  when  the  body  would  be  injured  by 
remaining  in  it.  The  same  is  the  case  in  apoplexy,  in  which  the 
actions  of  the  brain  are  suspended  by  pressure  upon  it.  And 
the  same  will  take  place,  also,  in  an  animal  from  which  the 
cerebrum  has  been  removed ;  or  in  which  its  functions  are  com- 
pletely suspended  by  a  severe  blow  on  the  head.  If  the  edge  of 
the  eye-lid  be  touched  with  a  straw,  the  lid  immediately  closes. 
If  a  candle  be  brought  near  the  eye,  the  pupil  contracts  (§.  534). 
If  liquid  be  poured  into  the  mouth,  it  is  swallowed.  If  the  foot 
be  pinched,  or  burnt  with  a  lighted  taper,  it  is  withdrawn  ;  and, 
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if  the  experiment  be  made  upon  a  Frog,  the  animal  will  leap 
away,  as  if  to  escape  from  the  source  of  irritation.     The  respira- 
tory movements,  too,  are  kept  up  with  regularity ;  so  that  there 
is  no  impediment  to  the  continuance  of  the  circulation,  and  the 
crganxc  life  of  the  animal  may  thus  continue  for  some  time.    In 
one  of  the  experiments  made  with  the  view  of  ascertaining  the 
degree,  in  which  the  activity  of  the  cerebrum  is  essential  to  the 
maintenance  of  life,  a  pigeon  was  kept  alive  (if  alive  it  could  be 
called)  for  some  months  after  the  removal  of  its  cerebrum, — 
running  when  it  was  pushed,  flying  when  it  was  thrown  into 
the  air,  drinking  when  its  beak  was  plunged  in  water,  swal- 
lowing food  which  was  put  into  its  mouth, — ^but  at  all  other 
times,  when  left  to  itself,  appearing  like  an  animal  in  profound 
sleep. 

466.  It  is  evident,  therefore,  that  we  are  not  to  regard  the 
Brain  (according  to  the  former  opinion  of  Physiologists,  and  the 
belief  which  is  still  commonly  entertained)  as  the  only  oentrs  of 
nervous  power,  and  as  essential  to  the  maintenance  of  the  life  of 
the  body;  and  that  we  must  attribute  to  the  Spinal  Cord  no 
small  amount  of  independent  power.  We  might  be  dispoaed  to 
infer,  from  the  statements  in  the  lost  paragraph,  that  an  animal 
whose  brain  has  been  removed,  can  still  feel  and  judge  and 
perform  voluntary  motions,  by  means  of  the  Spinal  Cord ;  but 
this,  again,  would  be  putting  a  wrong  interpretation  upon  the 
phenomena  in  question.  It  is  observed  that  the  motions  per- 
formed by  an  animal  in  such  circumstances  are  never  sponiatmnu; 
they  are  always  excited  by  a  stimulus  of  some  kind.  Thus  a 
decapitated  Frog,  after  the  first  violent  convulsive  movements 
occasioned  by  the  operation  have  passed  away,  remuna  at  rest 
until  it  is  touched ;  and  then  its  leg,  or  even  its  whole  body, 
will  be  thrown  into  sudden  action,  which  immediately  subsides 
again.  In  the  same  manner,  the  action  of  swallowing  is  not 
performed,  except  when  it  is  excited  by  the  contact  of  food  or 
liquid  (§.  195) ;  and  even  the  respiratory  movements,  sponta- 
neous as  they  seem  to  be,  would  not  continue,  unless  they  w«re 
excited  by  the  presence  of  venous  blood  in  the  vesseb — especially 
in  those  of  the  lungs.      These  movements  are  all  necesiorUy 


SPINAL   CORD   NOT   A   CENTRE   OF   SENSATION.  357 

linked  with  the  stimulus  that  excites  them ; — that  is,  the  same 
stimulus  will  always  produce  the  same  moyement,  when  the 
condition  of  the  body  is  the  same.  Hence  it  is  evident,  that  the 
judgment  and  will  are  not  concerned  in  producing  them ;  but 
that  they  may  be  rather  compared  to  the  movements  of  an 
automaton,  which  are  produced  by  touching  certain  springs. 

467.  The  next  question  is,  whether  these  movements  can  be 
performed  without  any  feeling  or  sensation^  on  the  part  of  the 
animal,  of  the  cause  that  produces  them ;  and  it  is  rather  less 
easy  to  give  a  positive  answer  to  this,  either  in  the  affirmative 
or  negative.  It  is  difficult  to  imagine  that  an  animal  performing 
such  regular  and  various  actions,  which  so  strongly  resemble 
those  it  would  execute  in  its  complete  state,  and  which  seem  so 
perfectly  adapted  to  their  obvious  purposes,  can  be  destitute  of 
sensation ;  and  accordingly  some  Physiologists  have  regarded 
them  as  furnishing  proof,  that  the  Spinal  Cord  possesses  the  pro- 
perty of  sensibility ;  or,  in  other  words,  that  an  animal  whose 
Bndn  has  been  removed,  can  still  feel.  But  this  inference  will 
not  bear  a  close  examination.  Such  movements  take  place,  not 
only  when  the  Brain  has  been  removed  and  the  Spinal  Cord  re- 
mains entire,  but  even  when  the  Spinal  Cord  has  been  itself  cut 
across  into  two  or  more  portions.  Thus  if  the  head  of  a  Frog 
be  cut  off,  and  its  Spinal  Cord  be  divided  in  the  middle  of  the 
back,  so  that  its  fore-legs  remain  connected  with  the  upper  part, 
and  the  hind-legs  with  the  lower,  each  pair  of  members  may  be 
excited  to  movement  by  a  stimulus  applied  to  itself ;  but  the  two 
pairs  will  not  execute  any  consentaneous  motions,  as  they  will 
do  when  the  Spinal  Cord  is  undivided.  Or,  when  the  Spinal 
Cord  is  cut  across,  without  removal  of  the  brain,  the  loiter 
limbs  may  be  excited  to  movement,  though  completely  paralysed 
to  the  irt///  whilst  the  upper  remain  under  the  control  of  the 
animars  sensation,  judgment,  and  volition. 

468.  Now  although  the  Frog  cannot  tell  us  that  it  has  no 
sensation  in  its  lower  limbs,  we  have  the  strongest  possible  reason 
to  believe  so  ;  for  cases  are  of  no  infrequent  occurrence  in  Man, 
in  which  the  Spinal  Cord  has  been  injured,  in  the  middle  of  the 
back,  by  disease  or  accident ;  and  in  these,  there  is  not  only  loss 
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of  Yolnntary  control  oyer  the  motions  of  the  legs,  bat  loss  of 
sensation  also.  Further,  in  several  cases  of  this  kind,  in  which 
the  injury  was  confined  to  a  sgaall  portion  of  the  cord,  and  the 
part  below  was  not  seriously  disturbed,  it  has  been  recently  no- 
ticed, that  motions  may  be  excited  in  the  limbs,  by  stimuli  applied 
directly  to  them, — as,  for  instance,  by  tickling  the  sole  of  the 
foot,  pinching  the  skin,  or  applying  a  hot  plate  to  its  surface ; — 
and  this  without  the  least  sensation,  on  the  part  of  the  patient, 
either  of  the  cause  of  the  movement,  or  of  the  movement  itself ; 
the  nervous  fibres,  which  would  otherwise  have  conveyed  the 
impression  to  the  brain,  and  there  given  rise  to  sensation,  b^g 
interrupted  in  their  course  up  the  spinal  cord. 

469.  By  such  cases,  then,  it  appears  to  be  clearly  proved, 
that  the  actions  performed  by  the  Spinal  Cord,  when  the  Brain 
has  been  removed,  or  its  power  destroyed,  or  its  communica- 
tion with  the  part  cut  off,  do  not  depend  upon  SemaUaH ;  bat 
jupon  a  property  peculiar  to  the  Spinal  Cord,  by  which  im- 
pressions, made  upon  certain  parts,  neceeearily  excite  motions  of 
an  automatic  character.  By  other  experiments  it  has  been  shown 
to  be  necessary  for  the  exercise  of  this  Reflex  fnnction  (as  it  has 
been  termed),  that  an  impression  should  be  conveyed  by  one  set 
of  nervous  fibres,  /irom  the  point  where  the  stimulus  is  applied, 
to  the  Spinal  Cord ;  and  that  a  motor  impulse  should  loBaeJrom 
the  Cord  to  the  muscles,  being  conveyed  by  another  set  of  fila- 
ments. The  exdtor  and  motor  filaments  distributed  to  any  part 
are  commonly  bound  up  in  the  same  trunk,  and  are  connected 
with  the  same  part  of  the  Spinal  Cord ;  so  that,  if  this  portion  or 
segment  be  completely  separated  from  the  rest«  it  may  still  ex- 
ecute the  reflex  movements  of  the  parts  to  which  its  nerves  are 
distributed ; — just  as  a  single  segment  of  a  Centipede  will  oontinae 
to  move  its  legs,  provided  its  own  ganglion  is  entire  (§.  443). 

470.  But  in  other  instances  it  happens,  that  we  can  more 
clearly  distinguish  the  excitor  and  motor  nerves,  from  their  bring 
distributed  separately,  and  being  connected  with  distinct  por- 
tions of  the  spinal  cord.  Thus  in  the  act  of  deglutition  (§.  195), 
the  chief  excitor  nerve  is  tlie  yheeo-pharyngeal  (§.  458) ;  this 
conveys  the  impression  made  by  the  contact  of  food  with  the 
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pharynx,  to  the  3iedulla  Oblongata ;  but  it  does  not  convey  the 
motor  influence  to  the  muscles,  this  being  accomplished  by 
branches  of  another  nerve,  the  pneumo-gcutric.  If  the  trunk  of 
the  glosso-pharyngeal  nerve  be  pinched,  an  act  of  deglutition  is 
made  to  take  place ;  but  if  it  be  separated  from  the  Medulla 
Oblongata,  or  the  pneumo-gastric  nerve  be  divided,  or  the 
Medulla  Oblongata  itself  be  destroyed,  the  movement  can  no 
longer  be  thus  excited.  Hence  we  see  the  necessity  of  the  com- 
pleteness of  this  nervous  chain  or  circle, — consisting  of  the  nerve 
proceeding  from  the  part  stimulated  to  the  ganglion,  the  ganglion 
itself,  and  the  nerve  proceeding /rom  the  ganglion  to  the  muscles 
acted  on, — in  order  that  any  such  reflex  movements  may  be 
produced. 

471.  The  functions  of  the  Spinal  Cord  appear  to  be  wholly 
restricted  to  the  performance  of  movements  of  this  character ; 
for  our  knowledge  of  the  nature  of  which,  we  are  principally  in- 
debted to  Dr.  Marshall  Hall.  The  proportion  they  bear  to  the 
motions  which  are  dependent  upon  sensation  and  will,  varies 
greatly  in  diflerent  animals ;  and  it  may  be  judged  of  with  tole- 
rable accuracy,  by  comparing  the  relative  sizes  of  the  spinal  cord 
and  brain.  Thus  in  the  lowest  Fishes,  the  spinal  cord  seems  the 
principal  organ,  and  the  brain  an  insignificant  appendage  to  it. 
In  M&n,  on  the  contrary,  the  spinal  cord  is  so  small  in  com- 
parison with  the  brain,  as  to  have  been  regarded  (though  incor- 
rectly, as  we  have  seen)  in  the  light  of  a  mere  bundle  of  nerves 
proceeding  from  it.  In  the  former,  the  ordinary  movements  of 
the  body  seem  principally  to  depend  upon  the  spinal  cord,  being 
only  controlled  and  directed  by  the  brain ;  just  as  those  of  Arti- 
culated animals  are  chiefly  dependent  upon  the  ganglia  of  the 
tmnk,  being  only  guided  by  those  of  the  head  (§.  442).  But  in 
Man,  those  only  aro  left  to  the  spinal  cord^  which  are  necessary 
for  the  maintenance  of  life ;  the  ordinary  motions  of  the  body 
being  for  the  most  part  voluntary.  Still,  as  we  have  juet  now 
seen  (§.  468),  reflex  movements  may  be  excited  through  the 
spinal  cord,  even  in  Man,  when  the  influence  of  the  will  is  cut 
off ;  and  it  is  curious  to  observe,  that  the  stimulus  is  most  power- 
ful when  it  acts  upon  the  soles  of  the  feet,  and  that  it  ceases  to 
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produce  the  same  effect,  when,  by  the  restoration  of  the  fiine- 
tions  of  the  injured  part  of  the  cord,  the  power  of  the  will  over 
the  limbs,  and  also  their  sensibility,  are  regained.  It  would  not 
seem  improbable  that,  when  we  are  walking  steadily  onwaida, 
and  the  mind  is  intently  occupied  upon  some  train  of  thought 
which  takes  up  its  whole  attention,  the  movements  of  the  limbs 
may  be  kept  up  by  reflex  action.  There  are  few  persons  to 
whom  it  has  not  occasionally  happened,  that  on  awaking  (as  it 
were)  from  their  reverie,  they  have  found  themselves  in  a  place 
very  different  from  that  to  which  they  had  intended  going ;  and 
even  when  the  mind  is  sufficiently  on  the  alert  to  guide,  direct, 
and  control  the  motions  of  the  limbs,  their  separate  actions 
appear  to  be  performed  without  any  direct  exertion  of  the  will, 
and  probably  depend,  therefore,  rather  upon  the  reflex  function 
of  the  spinal  cord,  than  upon  the  continual  influence  of  the 
brain. 

472.  Besides  the  reflex  movements  of  deglutition  and  respi- 
ration, which  have  been  formerly  considered  (§.  195  and  940), 
and  those  of  locomotion,  on  which  we  have  now  dwelt  suffi- 
ciently, there  are  several  others  of  a  similar  character,  all  of 
which  have  for  their  object  the  supply  of  the  wants  of  the  body» 
or  its  preservation  from  injury.  It  would  be  unsuitable  to  the 
character  of  this  Treatise,  however,  to  enter  upon  a  detailed 
account  of  these;  and  the  only  one  which  will  be  further 
noticed,  is  that  of  tuekingy  as  performed  by  the  young  Mammi- 
ferous  animal.  In  this  operation  there  is  a  very  complex  union 
of  the  actions  of  different  muscles, — ^those  of  respiration,  together 
with  those  of  the  tongue  and  lips.  So  beautifully  adapted  is 
this  combination  to  its  designed  purpose,  that  it  could  not  be 
better  contrived  by  the  longest  experience  or  the  most  carefnl 
study.  Yet  we  find  that  the  young  animal  commences  to  per- 
form it,  without  any  experience  or  study,  the  instant  that  its 
lips  touch  the  nipple  of  its  parent  And  that  it  is  a  r^fltx 
action,  dependent  upon  the  spinal  cord  alone  for  its  performanoe, 
and  requiring  a  stimulus  to  excite  it,  is  proved  by  these  re- 
markable facts ; — that  it  has  been  performed  by  human  infants, 
which  have  been  born  destitute  of  brain,  and  which  have  lived 
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for  aome  hours;  and  also  by  puppies,  whose  brain  had  been 
removed.  These  hist  not  only  sucked  a  moistened  finger,  when 
it  was  introduced  between  their  lips,  but  also  pushed  out  their 
feet,  as  the  young  animal  naturally  does  against  the  mammary 
glands  of  the  parent. 

473.  There  are  many  irregtdar  actions  of  the  Spinal  Cord, 
howerer,  the  careful  study  of  which  is  of  the  highest  importance 
to  the  Medical  Man.  It  is  probable  that  all  convulsive  move- 
noiti  are  produced  through  its  agency ;  for  it  has  been  ascer- 
tained, by  repeated  experiments,  that  these  moyements  are  never 
produced  by  wounds  of  the  Cerebrum.  They  are  for  the  most 
part  of  a  reflex  character ;  that  is,  dependent  upon  some  stimulus 
or  irritation,  which  acts  through  the  nervous  circle  described  in 
§•  470.  Thus,  convulsions  are  not  unfrequent  in  children,  during 
the  period  of  teething ;  and  are  then  produced  by  the  irritation, 
which  results  from  the  pressure  of  the  tooth,  as  it  rises  against 
the  unyielding  gum  (§.  174).  They  are  often  occasioned,  too, 
by  the  presence  of  indigestible  or  injurious  substances,  or  of 
intestinal  worms,  in  the  alimentary  canal ;  and  will  cease  as  soon 
u  this  is  properly  cleared  out.  Or,  again,  in  Tetanus  or  Lock- 
jaw, resulting  from  a  lacerated  wound,  the  irritation  of  the 
injured  nerve  is  the  first  cause  of  the  convulsive  actions ;  and  a 
similar  local  irritation  is  often  the  origin  of  Epileptic  fits.  When 
these  complaints  prove  fatal,  it  is  usually  by  suffocation, — the 
muscles  of  respiration  being  fixed  by  the  convulsive  action,  in 
such  a  manner  that  air  cannot  pass  either  in  or  out. 

474.  In  other  forms  of  convulsive  diseases,  however,  the 
cause  of  irritation  may  directly  affect  the  Spinal  Cord,  instead  of 
being  conveyed  to  it  by  the  nerves  from  a  distance.  This  seems 
to  be  the  case,  for  example,  in  Hydrophobia;  which  terrible 
complaint  is  probably  due  to  a  poison  introduced  into  the  blood, 
by  the  bite  of  the  rabid  animal,  and  conveyed  by  it  to  the  ner- 
vous centres.  There  are  other  states,  too  (especially  the  severer 
forms  of  Hysteric  disorder),  in  which  the  whole  Spinal  Cord 
appears  to  be  in  an  extremely  excitable  state ;  so  that  the  slightest 
stimulus  will  produce  the  most  violent  convulsive  actions,  and 
these  will  succeed  one  uiother  in  extraordinary  variety.     By 
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knowing,  aa  we  now  do,  the  part  of  the  nervous  system  on  which 
these  convulsiye  movements  depend,  the  Physician  is  enabled  to 
apply  his  remedies  with  much  greater  precision  than  heretof(»e, 
and  to  form  a  much  more  accurate  estimate  of  the  danger  whidi 
attends  them. 

FuncHom  of  the  Ganglia  of  Special  Sense. — Inetinctite  Aetum. 

475.  It  has  been  seen  that  the  nerves  of  special  eense^ — ^ihose 
of  smell,  sight,  and  hearing, — terminate  in  ganglia  peculiar  to 
themselves ;  which  ganglia  are  lodged  within  tlie  skull,  and  form 
part  of  what  is  commonly  termed  the  brain,  though  distinct  both 
from  the  Cerebrum  and  the  Cerebellum.  These  ganglia  are  almost 
the  only  representatives  of  the  brain,  in  the  Invertebrated  ani- 
mals ;  and  in  Fishes  they  bear  a  very  large  proportion  to  the 
other  parts,  their  relative  size  gradually  diminishing  as  we  ascend 
the  scale  towards  Man.  Now  when  we  study  the  actions  of 
these  lower  tribes  of  animals,  we  find  that  those  which  evidently 
depend  upon  sensation^  especially  the  sense  of  sight,  are  still  very 
fur  from  being  of  the  same  spontaneous  or  voluntary  character, 
as  those  which  we  perform.  We  judge  of  this  by  their  navarying 
nature, — ^the  different  individuals  of  the  same  species  executing 
precisely  the  same  movements,  when  the  cireinnstanoea  are  the 
same, — and  this  evidently  without  any  dioice,  or  intention  to 
fulfil  a  given  purpose,  but  under  the  impulse  of  an  untaught 
inttinct.  Of  this  we  cannot  have  a  more  remarkable  example, 
than  is  to  be  found  in  the  operations  of  Bees,  Wasps,  and  other 
eoeial  Insects ;  which  construct  habitations  for  themsdves,  upon 
a  plan  which  the  most  enlightened  human  intelligence  could  set 
surpass ;  yet  which  do  so  without  hesitation,  confusion,  or  inter- 
ruption,— the  different  individuals  of  a  community  all  labouring 
effectively  for  one  common  purpose,  because  their  instancts  are 
the  same. 

476.  In  higher  animals  we  may  often  notice  the  efiect  of 
similar  instincts,  by  which  the  various  species  are  guided  in  their 
choice  of  food  ;  in  the  construction  of  their  habitations,  in  their 
migrations,  &c. ;  but  these  are  frequently  modified,  to  a  certain 
degree,  by  the  intelligence  which  they  possess.     Tlius  among 
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Birds,  whose  instincts  are  more  remarkable  than  those  of  any 
other  class  of  Yertebrated  animals,  we  find  a  degree  of  variation 
in  their  plans,  and  especially  an  adaptation  of  means  to  ends 
under  unwonted  circumstances,  which  we  do  not  meet  with 
among  Insects.  Of  the  very  remarkable  instincts  which  guide 
them  in  the  construction  of  their  habitations,  some  examples 
will  be  given  hereafter  (Chap.  xiv).  As  an  illustration  of  pure 
untaught  instinct  among  Yertebrated  animals,  we  cannot  select 
a  better  example  than  the  mode  in  which  a  little  Fish,  termed 
the  CA(Btodon  roitratui  obtains  its  food.  Its  mouth  is  prolonged 
into  a  kind  of  beak  or  snout,  through  which  it  shoots  drops  of 
liquid  at  Insects  that  may  be  hovering  near  the  surface  of  the 
water,  and  rarely  fails  in  bringing  them  down.  Now  according 
to  the  laws  of  Optics,  the  Insect,  being  above  the  water  whilst 
the  eye  of  the  Fish  is  beneath  it,  is  not  seen  by  it  in  its  proper 
place;  since  the  rays  do  not  pass  from  the  Insect  to  the  Fish's 
eye  in  a  straight  line  (§.  528).  The  Insect  will  appear  to  the 
Fish  a  little  above  the  place  which  it  really  occupies ;  and  the 
difference  is  not  constant,  but  varies  with  every  change  in  the 
relative  positions  of  the  Fish  and  the  Insect.  Yet  the  wonder- 
fdl  instinct  with  which  the  Fish  is  endowed,  leads  it  to  make 
the  due  allowance  in  every  case ;  doing  that  at  once,  for  which 
a  long  course  of  experience  would  be  required  by  the  most  skilful 
Human  marksman,  under  similar  circumstances. 

477.  The  Intelligence  and  Will  of  Man  in  a  great  degree 
supersede  his  Instinctive  tendencies ;  in  the  same  manner  as  they 
hold  in  subordination  his  reflex  movements  (§.  471).  These  In- 
stinctii  manifest  themselves,  however,  in  the  form  of  desiresy 
which  impel  his  reason  to  take  measures  for  their  gratification 
(such,  for  example,  as  the  desire  for  food) ;  and  also  in  the  form 
of  emotions^  which  produce  particular  actions  of  the  body,  inde- 
pendently of  the  will,  or  even  in  opposition  to  it.  Thus,  we  see 
or  hear  something  ludicrous,  which  involuntarily  produces  laugh- 
ter, although  we  may  have  the  strongest  motives  for  desiring  to 
restrain  it.  On  the  other  hand,  a  loathsome  object  which  excites 
the  feeling  of  disgust,  produces  nausea  and  even  vomiting.  Or, 
again,   a   violent  fright  not  unfrequently  occasions  convulsive 
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moyements ;  and  these  may  be  brought  od,  in  some  excitable 
states  of  the  nervous  system  (§.  474)  by  emotions  of  a  less  power- 
ful kind. 

478.  That  the  Emotions,  when  they  thus  affect  the  body, 
do  not  operate  through  the  same  set  of  nervous  fibres  as  those 
which  convoy  the  influence  of  the  Will,  seems  proved  by  this 
fi^t, — that  cases  have  occurred  in  which  muscles  have  been  para- 
lysed to  the  Will  (their  nervous  connection  with  the  Cerebrum 
having  been  interrupted),  whilst  they  remained  obedient  to  the 
Emotions ;  and  vice  versd.  Thus,  in  one  instance,  the  muscles  of 
one  side  of  the  face  were  palsied  in  such  a  manner,  that  the  indi- 
vidual could  not  voluntarily  close  his  eye,  nor  draw  his  mouth 
towards  that  side ;  yet,  when  any  ludicrous  circumstance  caused 
him  to  laugh,  their  usual  play  was  manifested  in  the  expression 
of  his  countenance.  And  in  another  case,  the  muscles  were 
obedient  to  the  will ;  but  when  the  individual  laughed  or  cried 
under  the  influence  of  an  emotion,  it  was  only  on  one  side  of  his 
face.  To  these  may  be  added  a  case,  in  which  the  right  arm 
was  completely  palsied,  so  that  the  individual  had  not  the  least 
voluntary  power  over  it ;  yet  it  was  violently  agitated  whenever 
he  met  a  friend  whom  he  desired  to  greet.  These  and  similar 
cases  afford  sufficient  proof,  that  the  Will,  and  the  Emotions  or 
Instincts,  do  not  act  on  the  muscles  by  the  same  channel ; — a 
fact  of  great  interest  and  importance. 

479.  It  is  evident  that,  as  the  nervous  fibres  which  convey 
the  influence  of  the  Instincts  and  Emotions  are  different  from 
those  which  act  in  obedience  to  the  Will,  they  must  have  dis- 
tinct terminations  in  the  central  organs ;  and  when  we  compare 
the  mental  operations  of  different  animals  with  the  development 
of  the  ganglionic  masses  within  the  head,  we  are  led  to  perceive 
a  certain  correspondence,  which  leaves  but  little  doubt  as  to  the 
parts  by  which  these  functions  are  respectively  performed.  31ie 
aphalie  ganglia  of  Insects  and  Mollusca  are  not  analogous  to  the 
whoh  brain  of  the  higher  Yertebrata ;  being  little  else  than  a 
collection  of  ganglia  of  special  sense,  chiefly  those  of  the  eye, — 
the  senses  of  smell,  taste,  and  hearing,  being  in  these  animals 
but  little  developed.     Nearly  all  the  actions  of  Invcrtebrated 
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animals,  which  mre  not  reflex^  are  bulineHve^  and  are  guided  by 
the  sensations  receired  through  their  ejes.  Heoce  these  optic 
and  other  ganglia  may  be  justly  regarded  as  their  centre  or  seat. 
In  the  Cuttle-fish  we  have  seen  that  a  nervous  mass  is  super- 
added to  these  (§.  448) ;  which  is  probably  the  first  rudiment 
of  the  Cerebrum.  In  Fishes,  the  Cerebrum  gains  a  higher 
deyelopment ;  but  the  Optic  and  other  ganglia  of  special  sense 
still  constitute  the  largest  part  of  the  nervous  centres  contained 
in  the  skull.  As  we  ascend  towards  Man,  the  Cerebrum  steadily 
increases  in  sixe,  and  in  complexity  of  structure ;  and  in  the  same 
proportion  the  other  ganglia  diminish ;  and  as  we  observe  the 
Inidligenee  and  Will  increasing  in  power,  whilst  the  Imtincts 
become  less  and  less  remarkable,  in  a  corresponding  proportion, 
there  can  scarcely  be  a  doubt  that  the  Cerebrum  is  the  instru- 
ment of  the  former,  whilst  the  Optic  and  other  ganglia  of  special 
sense  are  the  centres  through  which  the  latter  are  performed. 

Function  of  the  Cerebdlum. — ComhimUion  of  Muscular  Actiont. 
480.  Much  discussion  has  taken  place  of  late  years,  respect- 
ing the  uses  of  the  Cerebellum ;  and  many  experiments  have 
been  made  to  determine  them.  That  it  is  in  some  way  connected 
with  the  powers  of  motion^  is  now  generally  admitted.  It  has 
been  ahready  pointed  out,  that  its  size  in  the  different  tribes  of 
Vertebrated  animals  bears  a  pretty  close  correspondence  with  the 
^rzneij  and  energy  of  the  movements  performed  by  them  (§.  452) ; 
and  that  it  is  the  largest  in  those  animals,  which  require  the  con- 
stant united  effort  of  a  large  number  of  muscles,  to  maintain  their 
usual  position ;  whilst  it  is  smallest  in  those,  which  require  no 
mnscular  exertion  for  this  purpose.  Thus  in  animals  that  habi- 
tually rest  and  move  upon  four  legs,  there  is  but  little  occasion 
for  any  organ  to  combine  and  harmonise  the  actions  of  their 
several  muscles;  and  in  these,  the  Cerebellum  is  small.  But 
among  the  more  active  predaceous  Fishes  (as  the  Shark), — Birds 
of  most  powerful  and  varied  flight  (as  the  Swallow,  which  not 
only  flies  rapidly,  but  executes  the  most  complicated  evolutions 
in  pursuit  of  its  Insect  prey  with  the  greatest  facility), — and 
Mammalia  which  can  maintain  the  erect  position,  and  use  their 
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extremities  for  other  purposes  than  support  and  motion, — ^we  find 
the  Cerebellum  of  much  greater  size ;  and  in  Man,  who  surpasses 
all  other  animals  in  the  number  and  variety  of  the  combinations 
of  muscular  moyement  which  he  is  capable  of  executing,  it 
attains  its  largest  dimensions. 

481 .  From  experiments  upon  all  classes  of  Yertebrated  Ani- 
mals, it  has  been  found  that,  when  the  Cerebellum  was  removed, 
the  power  of  walking,  springing,  fljing,  standing,  or  maintaining 
the  equilibrium  of  the  body,  was  destroyed.  It  did  not  seem  that 
the  animal  had  in  any  degree  lost  voluntary  power  over  its  indivi* 
dual  muscles;  but  it  could  not  combine  their  actions  for  any  gene- 
ral movement  of  the  body.  The  r^Ux  movements,  such  as  those 
of  respiration,  remained  unimpaired.  When  an  animal  in  this 
state  was  laid  on  its  back,  it  could  not  recover  its  former  posture ; 
but  it  moved  its  limbs  or  fluttered  its  wings,  and  evidently  was 
not  in  a  state  of  stupor.  When  placed  in  the  erect  position,  it 
staggered  and  fell  like  a  drunken  man, — ^not,  however,  without 
making  efforts  to  maintain  its  balance.  Phrenologists,  who 
attribute  a  different  function  to  the  Cerebellum,  have  attempted 
to  put  aside  these  results,  on  the  ground  that  the  severity  of  the 
operation  was  alone  sufficient  to  produce  them ;  but  (as  we  have 
already  seen,  §.  465)  after  a  much  more  severe  operation, — ^the 
removal  of  the  Cerebral  Hemispheres,  the  Cerebellum  being  left 
untouched, — the  animal  could  stand,  walk,  fly,  muntain  its 
balance,  and  recover  it  when  disturbed. 

482.  The  motions  of  the  body  in  the  Invertebrated  classes, 
being  simple  in  their  nature,  and  probably  all  of  a  reflex  charac- 
ter (§.  442)  do  not  require  a  Cerebellum ;  and  we  do  not  find  in 
them  any  nervous  mass,  which  clearly  represents  this  organ. 

FunetioTUf  of  the  Cerebrum, — Intelligence  and  WUL 

483.  From  the  facts  already  stated,*  it  is  tolerably  dear  that 
the  Cerebrum  is  the  organ  by  which  we  reaeon  upon  the  ideas 
that  are  excited  by  sensations, — by  which  we  judge  and  dedde 
upon  our  course  of  action, — and  by  which  we  put  that  decision 
into  practice,  by  issuing  a  mandate  (as  it  were),  which,  being 
conveyed  by  the  nervous  tnmks  proceeding  from  the  brain  to  the 
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moscles,  excites  tlic  latter  to  contract.  It  is  a  common,  but 
entirely  erroneous  idea,  that  rea»on  is  peculiar  to  Man ;  and  that 
ilic  actions  of  the  lower  classes  of  Animals  are  entirely  due  to 
Instinct.  There  can  be  no  doubt,  however,  that  reasoning 
processes  exactly  resembling  those  of  Man,  are  performed  by 
many  of  the  Mammalia,  such  as  the  Dog,  the  Horse,  and  the 
Elephant;  and  it  is  probable  that,  although  we  are  best  ac- 
quainted with  these  animals,  on  account  of  their  tendency  to 
associate  with  Man,  there  are  others  which  have  powers  yet 
higher.  We  roust  admit  that  an  animal  reasons,  when  it  profits 
by  experience,  and  obviously  adapts  its  actions  to  the  ends  it 
desires  to  gain,  especially  when  it  departs  from  its  natural 
instincts  to  do  this.  Such  is  continually  the  case  with  the 
animals  just  mentioned ;  and  some  striking  examples  of  this  will 
be  mentioned  hereafter  (Chap.  xiv).  We  perceive  the  presence 
of  intelligence  also,  in  the  differences  of  character  which  we 
encounter  among  the  various  individuals  of  the  same  species ; 
thus  every  one  knows  that  there  are  stupid  Dogs  and  clever 
Dogs,  ill-tempered  Dogs  and  good-tempered  Dogs,  as  there  are 
stupid  Men  and  clever  Men,  ill-tempered  Men  and  good-tempered 
Men.  But  no  one  could  distinguish  between  a  stupid  Bee  and 
a  clever  Bee,  or  between  a  good-tempered  Wasp  and  an  ill- 
tempered  Wasp ;  simply  because  all  the  actions  of  the$e  animals 
are  prompted  by  an  unvarying  instinct. 

484.  Among  Birds,  too,  there  are  many  manifestations  of 
Intelligence ;  which  constitute  a  remarkable  distinction  between 
their  actions,  and  those  of  Insects.  The  instinctive  tendencies  of 
the  two  classes  bear  a  close  correspondence  with  each  other. 
Tlteir  mode  of  life  is  nearly  the  same,  so  that  Birds  may  be 
called  the  Insects  of  the  Yertebrated  series,  whilst  Insects  may 
bo  regarded  as  the  Birds  of  the  Articulated;  and  there  are 
several  curious  points  of  analogy  in  the  structure  of  their  bodies. 
The  usual  arts  which  Birds  exhibit  in  the  construction  of  their 
liabitations,  in  procuring  their  food,  and  in  escaping  from  danger, 
must  be  regarded  (like  those  of  Insects)  as  imiinciive;  on  account 
of  the  uniformity  with  which  they  are  practised  by  different 
individuals  of  the  same  species,  and  the  perfection  with  which 
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they  are  exercised  on  the  veiy  first  occasion,  independently  of  all 
experience.  But  in  the  adaptation  of  their  operations  to  parti- 
cular circumstances,  Birds  display  a  variety  and  fertility  of 
resource,  far  surpassing  that  which  is  manifested  by  Insects, — as 
for  instance,  when  they  make  trial  of  several  means,  and  select 
that  one  which  best  answers  the  purpose ;  or  when  they  make 
an  obvious  improvement  from  year  to  year  in  the  comforts  of 
their  dwelling;  or  when  they  are  influenced  in  the  choice  of  a 
situation  by  peculiar  circumstances,  which,  in  a  state  of  nature, 
can  scarcely  be  supposed  to  affect  them.  All  these  are  obvious 
indications  of  an  Intelligence  which  Insects  do  not  possess ;  that 
which  is  most  wonderful  in  the  actions  of  the  latter  (and  there 
are  none  more  wonderful)  being  the  same  in  all  the  individuals 
of  one  species,  being  uninfluenced  by  education,  and  being  per* 
formed  under  the  immediate  direction  of  an  Intelligence  much 
higher  than  the  boasted  reasoning  power  of  Man. 

485.  Of  the  Mental  operations  to  which  the  Cerebrum  of 
Man  is  subservient,  a  general  account  will  be  given  in  a  future 
Chapter.  The  present  might  seem  to  be  the  place  for  inquiring 
how  far  that  doctrine  is  true,  which  assigns  to  different  parts  of 
the  Cerebral  hemispheres  those  different  faculties  and  tendencies, 
in  whose  combined  action  the  phenomena  of  Mind  consist.  That 
such  a  distribution  may  exist,  the  Author  is  far  from  thinking 
improbable ;  but  as  the  doctrines  of  Phrenology,  in  their  preuni 
formy  are  in  his  opinion  far  from  being  established,  and  as  they 
appear  to  him  inconsistent  with  many  facts,  which  Comparative 
Anatomy  and  the  observation  of  Disease,  as  well  as  the  study  of 
Human  Character,  supply,  he  prefers  not  entering  here  upon  a 
discussion  of  them ;  particularly  as  they  are  easily  to  be  learned 
from  the  publications  of  professed  Phrenologists. 

The  next  subject  for  consideration  will  be  the  stmcture 
and  actions  of  the  Organs  of  Sense,  which  may  be  regarded  in 
the  light  of  appendages  to  the  Brain ;  being  adapted  to  reodve 
the  various  impressions,  which  are  there  to  become  the  senaations 
of  Touch,  Taste,  Smell,  Hearing,  and  Sight. 


CHAPTER  XI. 

ON  SENSATION,  AND  THE  ORGANS  OF  THE  SENSES. 

486.  All  beings  of  a  truly  Animal  Nature  possess,  there  is 
good  reason  to  believe,  a  eomciotuneis  of  their  own  existence,  first 
derived  from  9k  feeling  of  some  of  the  changes  taking  place  vnthin 
themselves ;  and  also  a  greater  or  less  amount  of  sensiinlity  to  the 
condition  of  external  things.  We  have  no  sufficient  ground  for 
thinking  that  Plants  possess  any  such  endowments;  for  the 
motions  which  a  few  of  them  execute,  and  which  form  the  only 
evidence  of  the  presence  of  consciousness,  may  be  explained  in 
other  ways ;  and  the  greater  number  of  them,  being  entirely 
motionless,  exhibit  no  such  evidence.  Tlie  consciousness  which 
any  Animal  possesses,  of  that  which  is  taking  place  within  or 
around  itself,  is  all  derived  from  impreaums  made  upon  the 
extremities  of  certain  of  its  nervous  fibres ;  which,  being  con- 
veyed by  them  to  the  central  temarium^  are  there  felt  (§.  432). 
Of  the  mode  in  which  the  impression,  hitherto  a  change  of  a 
nuUerial  character,  is  there  made  to  act  upon  the  mtnJ,  we  are 
absolutely  ignorant ;  we  only  know  the  fact.  Hence,  although 
we  commonly  refer  our  various  sensations  to  the  parts  at  which 
the  impressions  are  made, — as  for  instance,  when  we  say  that 
we  have  a  pain  in  the  hand,  or  an  ache  in  the  leg, — we  r^/y 
use  incorrect  language ;  for,  though  we  may  refer  our  sensations 
to  the  points  where  the  impression  was  made  on  the  nerve,  they 
are  reMyfelt  in  the  brain.  This  is  evident  from  two  facts ; — 
first,  that  if  the  nervous  communication  of  the  part  with  the 
brain  be  interrupted^  no  impressions,  however  violent,  can  make 
themselves  felt ;  and  second,  that  if  the  trunk  of  the  nerve  be 
irritated  or  pinched,  anywhere  in  its  course,  the  pain  which  is 
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felt  is  referred,  not  to  the  point  injured,  but  to  the  surface  to 
which  these  nerves  are  distributed.  Hence  the  well-known  fact 
that,  for  some  time  after  the  amputation  of  a  limb,  the  patient 
feels  pains  which  he  refers  to  the  fingers  or  toes  that  have  been 
removed ;  this  continues  until  the  irritation  of  the  cut  extre- 
mities of  the  nervous  trunks  has  subsided. 

487.  Among  the  lower  tribes  of  Animals,  it  would  seem 
probable  that  there  exists  no  other  kind  of  sensibilitj,  than  that 
which  is  termed  genjeral  or  common^  and  which  exists,  in  a 
greater  or  less  degree,  in  almost  every  part  of  the  bodies  of  the 
higher.  It  is  by  this,  that  we  feel  those  impressions,  made  upon 
our  bodies  by  the  objects  around  us,  or  by  actions  taking  place 
within,  which  produce  the  various  modifications  of  pain^  the 
sense  of  contact  or  resistance,  the  sense  of  variations  of  Umpent- 
ture^  and  others  of  a  similar  character.  From  what  was  formerly 
stated,  of  the  dependence  of  impressions  made  on  the  sensory 
nerves  upon  the  action  of  the  blood-vessels  (§.  431 ),  it  is 
obvious  that  no  parts  destitute  of  the  latter  can  receive  such 
impressions,  or  (in  common  language)  can  possess  sensibility. 
Accordingly  we  find  that  the  hair,  nails,  teeth,  tendons,  liga- 
ments, fibrous  membranes,  cartilages,  and  bones,  whose  substance 
either  contains  no  vessels,  or  but  very  few,  are  either  completely 
incapable  of  receiving  painful  impressions,  or  have  but  rety  dull 
sensibility  to  them.  On  the  other  hand,  the  skin,  and  other 
parts,  which  usually  receive  such  impressions,  are  extremely 
vascular ;  and  it  is  interesting  to  observe  that  some  of  the  tissues 
just  mentioned,  when  new  vessels  form  in  them  in  consequence 
of  diseased  action,  become  acutely  sensible.  It  does  not  neces- 
sarily follow,  however,  that  parts  should  be  sensible  in  a  degree 
proportional  to  the  amount  of  blood  they  contain ;  since  this 
blood  may  be  sent  to  them  for  other  purposes.  Thus,  it  is 
a  condition  necessary  to  the  action  of  Muscles,  that  they  should 
be  copiously  supplied  with  blood  (§.  593) ;  but  they  are  not 
acutely  sensible  ;  and  Glands,  also,  the  substance  of  which  has 
very  little  sensibility,  receive  a  large  amount  of  blood  for  their 
peculiar  purposes. 

488.    But  besides  the  genered  or  common  sensibUUy^  which  is 
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diffused  over  the  greater  part  of  the  body  of  most  animals,  there 
are  certain  parts  which  are  endowed  with  the  property  of  receiv- 
ing impressions  of  a  peculiar  or  special  kind,  such  as  sounds  or 
odours,  which  would  have  no  influence  upon  the  rest ;  and  the 
sensations  which  these  excite,  being  of  a  kind  very  different  from 
those  already  mentioned,  arouse  ideas  in  our  minds,  which  we 
should  never  have  formed  without  them.     Thus,  although  we 
can  gain  a  knowledge  of  the  shape  and  position  of  objects  by  the 
touch,  we  could  form  no  notion  of  their  colour  without  sight,  of 
their  sounds  without  hearing,  or  of  their  odours  without  smelL 
The  nerves  which  convey  these  special  impressions  are  not  able 
to  receive  those  of  a  common  kind  :  thus  the  Eye,  however  well 
fitted  for  seeing,  would  not  feel  the  touch  of  the  finger,  if  it  were 
not  supplied  with  branches  from  the  5th  pair,  as  well  as  by  the 
optic.     Nor  can  the  different  nerves  of  special  sensation  be 
affected  by  impressions  that  are  adapted  to  operate  on  others  : 
thus  the  ear  cannot  distinguish  the  slightest  difference  between  a 
luminous  and  a  dark  object ;  nor  could  the  eye  distinguish  a 
sounding  body  from  a  silent  one,  except  by  seeing  its  vibrations. 
But  Electricity  possesses  the  remarkable  power,  when  trans- 
mitted along  tke  several  nerves  of  special  sense,  of  exciting  the 
sensations  peculiar  to  each  ;  and  thus,  by  proper  management, 
this  single  agent  may  be  made  to  produce  flashes  of  light,  dis* 
tinci  sounds,  a  phosphoric  odour,  a  peculiar  taste,  and  a  prick- 
ing feeling,  in  the  same  individual  at  one  time.     The  inference 
which  might  hence  be  drawn, — that  Electricity  and  Nervous 
agency  are  identical, — is   nevertheless   premature,   as  will  be 
shown  hereafter  (§.  587). 

Sense  of  Touch, 
489.  By  the  sense  of  Touch  is  usually  understood  that 
modification  of  the  common  sensibilUy  (§.  487)  of  the  body,  of 
which  the  surface  of  the  skin  is  the  especial  seat.  In  some 
animals,  as  in  Man,  nearly  the  whole  exterior  of  the  body  is 
endowed  with  it,  in  no  inconsiderable  degree ;  but  in  others,  as 
in  the  greater  number  of  Mammalia,  most  Birds  and  Reptiles, 
and  many  Fishes,  the  greater  part  of  the  body  is  so  covered  by 
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hairs,  scales,  or  bony  plates,  as  to  be  nearly  insensible  ;  and  the 
facalty  is  restricted  to  particular  portions  of  the  surface,  which 
often  possess  it  in  a  very  high  degree.  The  sensory  impreasiooa, 
by  which  we  receive  the  sensation  of  Touch,  are  made  by  the 
objects  themselves  upou  the  nerves  which  are  distributed  to  the 
Skin ;  and  into  the  structure  of  this  tissue  it  is  desurable  that  we 
should  now  enter,  in  more  detail  than  formerly  (§.  36). 

490.  The  Skin  is  made  up  of  two  principal  layers,  the  Cutis 
vera  or  true-skin,  and  the  Epidermu  or  scarf-skin.  The  GuU 
vera  (sometimes  also  called  the  Dermie)  is  a  firm  and  rather  tough 
membrane,  possessed  of  considerable  elasticity,  and  having  a 
very  complex  structure.  It  essentially  consists  of  a  vast  num- 
ber of  fibres,  interlacing  with  each  other  in  every  direction ; 
of  these  fibres,  some  resemble  those  of  the  white  and  others  those 
of  the  yellofc  elastic  tissue ;  but  the  membrane  thus  formed  is 
traversed  by  a  vast  number  of  blood-vessels,  Ijrmphatics,  and 
nerves ;  and  abo  by  the  ducts  of  the  minute  exhalant  glands 
which  lie  beneath  it  (§.  371)-  The  internal  surface  is  in  contact 
with  a  layer  of  cellular  tissue,  which  intervenes  between  the  skin 
and  the  muscles;  this  cellular  tissue  usually  contains,  also^  a 
larger  or  smaller  amount  of  fat-cells.  The  external  sur&ce  of 
the  true  skin  is  not  smooth,  but  is  covered  with  an  immense  num- 
ber of  little  elevations,  or  papiUce  (§.  431),  which  in  some  parts 
of  the  body*-as  the  palm  of  the  hand,  and  the  extremities  of  the 
fingers, — are  arranged  in  regular  rows.  In  each  of  these  papilks, 
there  is  a  plexus  or  network  of  minute  blood-vessels,  surrounding 
the  extremity  of  a  filament  of  the  sensory  nerve,  by  which  the 
skin  is  supplied ;  and  the  degree  of  sensibility  of  any  part  of  the 
skiu,  bears  a  close  correspondence  to  the  number  of  papillas, 
which  are  included  within  a  given  area  of  its  surfiice. 

491.  The  true  skin  or  Dermis,  from  which  alone  leather  is 
prepared,  is  thicker  in  most  Mammalia  than  in  Man ;  but  the 
thickness  of  the  skin  does  not  by  any  means  involve  (as  is  com- 
monly supposed)  deficient  sensibility.  Thus  in  the  Spermaceti 
Whale,  it  has  been  observed  that  the  sensory  nerves,  which  are 
destined  to  be  distributed  on  the  skin,  pass  through  the  blubber 
without  giving  off  any  considerable  branches,  but  spread  out  into 
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a  network  of  extreme  minuteness,  as  soon  as  tbey  arrive  near  the 
snrface.  It  is  a  fact  well  known  to  Whale-fishers,  especially  to 
those  who  pursue  this  species,  that  these  animals  have  the  power 
of  communicating  with  each  other  at  great  distances.  It  has  often 
been  observed,  for  instance,  that,  when  a  straggler  is  attacked, 
at  the  distance  of  several  miles  from  a  shoal,  a  number  of  its  fel- 
lows bear  down  to  its  assistance,  in  an  almost  incredibly  short 
space  of  time.  It  can  scarcely  be  doubted  that  the  communica* 
tion  is  made  through  the  medium  of  the  vibrations  of  water, 
excited  by  the  struggle  of  the  animal,  or  perhaps  by  some 
peculiar  movements  specially  designed  for  this  purpose,  and  pro- 
pagated through  the  liquid  to  the  immense  surface  of  the  skin  of 
the  distant  Whales. 

492.  The  sensibility  of  the  true  skin  >vould  be  too  great,  if 
it  were  not  protected  by  the  Epidermis^  which  is  a  layer  of 
semi-transparent  membrane,  thin  in  some  parts  and  thick  in 
others,  according  as  the  part  is  to  be  endowed  with  acute  sensi- 
bility, or  protected  from  impressions  of  too  strong  a  nature. 
Thus  it  is  particularly  thin  at  the  ends  of  the  fingers,  and  on  the 
surface  of  the  lips,  which  are  used  for  feeling  ;  but  is  thick  ou 
the  palm  of  the  hand,  which  is  used  for  firmly  grasping ^  and 
which  would  be  continually  sufFeriug  pain  if  its  sensibility  were 
too  acute ;  and  it  is  still  thicker  on  the  sole  of  the  foot,  especially 
on  the  heel  and  the  ball  of  the  great  toe,  YfXi&re  pressure  is  to  be 
sustained.  The  Epidermis  consists,  as  formerly  stated  (§.  35),  of 
a  vast  number  of  minute  cells,  which  are  formed  in  layers  upon  the 
external  surface  of  the  true  skin,  or  rather  upon  the  bcuemetU 
membrans  Yrhich  covers  it  (§.31).  In  Man,  and  most  other 
soft-skinned  animals,  the  outer  layers  of  this  Epidermis  are  con- 
tinually being  worn  off ;  and  new  layers  are  as  constantly  being 
formed  from  within.  Thus  each  layer  is  gradually  pushed  from 
within  outwards ;  and  its  cells  undergo  a  considerable  change  in 
their  form,  being  nearly  globular  when  first  produced,  and  being 
gradually  flattened  into  scales,  by  the  loss  of  their  contained 
fluid,  as  they  approach  the  outer  surface.  It  is  in  the  latter 
condition,  that  they  are  pressed  together  into  that  continuous 
membrane,  which  is  raised  by  the  fluid  poured  out  from  the  sur- 
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face  of  the  trae  skin,  where  a  blister  has  been  applied  or  a  hot 
body  has  touched  it ;  when  this  has  been  remoTed,  some  more 
delicate  layers  are  seen  npon  the  surface  of  the  true  skin,  which 
consist  of  cells  having  more  of  the  globular  form,  and  not  holding 
firmly  together.  These  soft  layers  were  formerly  regarded  as 
constituting  a  distinct  tissue,  to  which  the  name  of  rete  mueowm 
(mucous  network)  was  given;  but  this  is  now  known  to 
consist  simply  of  the  last-formed  portions  of  the  epidermis.  It 
was  supposed  to  be  the  peculiar  seat  of  the  colouring-matter  of 
the  skin ;  this  does  not  form  a  distinct  layer,  however ;  bat  is 
contained  in  ptgmenUeeUs  (§.  533)  which  lie  among  the  ordinary 
cells  of  the  epidermis,  and  are  consequently  diffused  through  its 
whole  thickness. 

493.  In  those  animals  in  which  tlie  surface  is  covered  with 
hard  scales  or  plates,  instead  of  with  a  soft  epidermis,  we  not 
uufrequently  find,  that  the  layer  is  thrown  off  and  renewed  at 
intervals.  This  is  the  case,  for  instance,  in  Serpents,  which 
annually  cast  their  outer  skin  or  dough  (as  it  is  commonly 
termed) ;  and  also  in  Crustacea,  as  well  as  many  other  Arti- 
culata.  The  cast  skin  or  shell  is  commonly  found  to  be  vcty 
perfect,  having  only  one  small  aperture  through  which  the  ani- 
mal has  managed  to  withdraw  its  body.  In  both  Serpents  and 
Crustacea,  the  transparent  membrane  covering  the  firt>nt  of  the 
eyes  is  thrown  off  with  it ;  and  in  Crustacea  we  even  find  the  lin* 
ing  membrane  of  the  mouth  and  stomach  ejected  at  the  same  time. 

494.  The  Epidermis  is  continued  over  the  sensory  papiUse  ; 
but  it  is  perforated  by  numerous  apertures.  Some  of  these  are 
the  perforations  caused  by  the  ducts  of  the  sweat-glands ;  othen 
give  passage  to  the  hairs ;  and  others  form  the  orifices  of  the  ae- 
baceous  follicles  by  which  the  skin  is  in  some  parts  abundantly 
beset  (§.  375).  It  is  only  at  the  back  of  the  fingers  and  toes,  in 
Man,  that  the  skin  is  covered  with  any  protection  harder  than 
epidermis.  The  naiU  are  formed  npon  the  same  plan  with  the 
epidermis,  and  may  be  considered  as  appendages  of  it ;  their 
principal  function  is  to  support  the  soft  parts  at  the  back  of  ih« 
point  of  the  finger,  and  thus  to  enable  the  anterior  surface  to  be 
better  applied  to  the  body  that  is  to  be  touched  or  held  by  it. 
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495.  Although  the  fingers  of  Man  and  tho  Quadrumana, 
being  endowed  with  peculiar  sensibility,  are  their  special  organs 
of  touchy  yet  we  find  that  they  cease  to  bo  so  in  most  of  the  other 
Mammalia  (as  in  the  lower  Yertebrata),  in  which  the  extremities 
are  adapted  only  for  support  and  locomotion,  and  are  terminated 
by  hard  claws  or  hoofs  that  completely  envelop  them.  In  most 
of  these,  we  find  the  lips  and  tongue  employed  as  the  chief  organs 
of  touch ;  in  the  Elephant,  this  sense  is  evidently  possessed  very 
acutely  by  the  little  finger-like  projection  at  the  end  of  its 
trunk ;  and  in  the  Bat,  it  seems  to  be  diffused  over  the  whole 
membrane  of  which  the  wings  are  formed.  It  has  been  found 
that  Bats,  when  deprived  of  sight,  and  (as  far  as  possible)  of 
hearing  and  smelling  also,  still  flew  about  with  equal  certainty 
and  safety,  avoiding  every  obstacle,  passing  through  passages  only 
just  large  enough  to  admit  them,  and  flying  through  places  pre- 
viously unknown,  with  the  most  unerring  accuracy,  and  without 
striking  against  the  objects  near  which  they  passed.  The  same 
result  happened,  when  threads  were  stretched  in  various  direc- 
tions across  the  apartment.  Hence  some  Naturalists  were  inclined 
to  attribute  to  the  Bat  the  possession  of  a  sixth  sense  unknown 
to  Man ;  but  Cuvier  correctly  pointed  out  that  this  idea  becomes 
unnecessary,  if  we  attribute  to  the  delicate  membrane  of  the 
wings  (as  we  are  justified  in  doing)  a  high  degree  of  tactile 
sensibility,  receiving  its  impressions  from  the  pulses  of  the  air, 
produced  by  the  action  of  the  wings,  and  modified  by  the  neigh- 
bonrhood  of  solid  bodies. 

496.  The  only  idea  communicated  to  our  minds  by  the  sense 
of  Touch,  when  this  is  exercised  in  its  simplest  form,  is  that  of 
retistance  ;  and  we  cannot  form  a  notion  of  tho  size  or  shape  of 
an  object,  nor  of  the  nature  of  its  surfiuse,  hy  feeling  it  unless  we 
move  the  object  over  our  own  sensory  organ,  or  the  latter  over 
the  former.  By  the  various  degrees  of  resistance  which  we 
encounter,  we  estimate  the  hardness  or  softness  of  the  body  ;  and 
by  the  impressions  made  upon  the  papillaa,  when  they  are  moved 
over  its  surface,  we  form  our  idea  of  its  smoothness  or  roughness. 
It  is  by  attention  to  the  muscular  movements  we  execute,  in 
passing  our  hands  or  fingers  over  its  surface,  that  we  acquire  our 
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ideas  of  its  size  and  figure;  and  hence  we  perceive  that  the 
sense  of  touch,  without  the  power  of  moving  the  tactile  oigait 
over  the  object,  would  have  been  of  comparatively  little  use. 
This  sense  is  capable  of  improvement  to  a  remarkable  degree ;  as 
we  see  in  persons  who  have  become  more  dependent  upon  it,  in 
consequence  of  the  loss  of  their  sight.  This  doubtless  results,  in 
part,  from  the  increased  attention  which  is  given  to  the  sensations; 
and  partly  from  the  greater  acuteness  or  impressibility  of  the 
organ  itself,  arising  from  the  frequent  use  of  it.  Amongst  other 
remarkable  instances  of  this  kind,  was  that  of  Saunderson,  who, 
though  he  lost  his  sight  at  two  years  old,  acquired  such  a  reputa- 
tion as  a  mathematician,  that  he  obtained  a  Professorship  at 
Cambridge.  He  exhibited,  in  several  ways,  an  extraordinary 
acuteness  in  his  touch  ;  but  one  of  his  most  remarkable  faculties 
was  the  power  of  distinguishing  genuine  medals  from  imitations, 
which  he  could  do  more  accurately  than  many  connoisseurs  in 
full  possession  of  their  senses. 

497.  The  sense  of  temperature  is  of  a  different  character  from 
the  common  sensation  of  touch ;  and  either  may  be  lost,  without 
the  other  being  affected.  It  is  rather  of  a  comparative  than 
of  a  poeiiive  kind ;  that  is,  we  form  our  estimate  of  temperature 
rather  by  comparing  it  with  that  to  which  our  body  (or  the 
part  of  it  employed  to  test  the  heat  or  cold)  has  been  previously 
exposed,  than  by  the  knowledge  which  we  derive  through  the 
sensation,  of  the  actual  degree  of  heat  or  cold  to  which  the  organ 
is  exposed.  Thus,  if  we  plunge  one  hand  into  a  basin  of  hot 
water,  and  the  other  into  cold,  and  then  transfer  both  of  them  to 
a  basin  of  tepid  water,  this  will  feel  cold  to  the  hand  wliich  has 
been  previously  accustomed  to  the  heat,  and  warm  to  the  other. 
In  the  same  manner,  the  temperature  of  Quito,  which  is  situated 
half  way  up  a  lofty  mountain,  is  felt  to  be  chilly  by  a  person 
who  has  ascended  from  the  burning  plains  at  its  base,  whilst 
it  seems  intensely  hot  to  another  who  has  descended  from  its 
snow-capped  summit;  the  residents  in  the  town  at  the  same 
time  regarding  it  as  moderate, — ^neither  hot  nor  cold.  It  is  a 
curious  circumstance,  that  a  weak  impression  made  on  a  laige 
surface,  seems  more  powerful  than  a  stronger  impression  made 
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on  a  small  sarface  ;  thas,  if  the  fore-finger  of  one  hand  be  im- 
mersed in  water  at  KM"",  and  the  whole  of  the  other  hand  be 
plunged  in  water  at  102°,  the  cooler  water  will  be  thought  the 
wanner ;  whence  the  well-known  fact,  that  water  in  which  a 
finger  can  be  held,  will  scald  the  whole  hand. 

498.  Where  any  special  organs  of  Touch  exist  in  Inverte- 
brated  Animals,  they  are  for  the  most  part  prolongations  from 
the  portion  of  the  head  near  the  mouth.  This  is  the  case  with 
the  armM  of  the  Cuttle-fish,  and  with  the  tentaeuia  of  the  lower 
Mollnsca,  which  are  similar  in  position.  Among  Crustacea  and 
Insects,  the  antennas  or  feel-       a  a 

ers  appear  to  be  the  special 
organs  of  touch.  These  are 
frequently  very  long,  and 
present  an  extraordinary 
yariety  in  their  forms,  of 
which  some  are  depicted 
in  the  accompanying  figure. 
They  contain,  for  the  most 
part,  a  large  number  of 
joints  (in  the  Mole- Cricket 
above  100),  and  are  very 
flexible.  This  flexibility 
enables  them  to  be  turned  towards  any  object  which  the  Insect 
wishes  to  examine;  and  when  the  animal  is  walking,  we  see 
them  constantly  being  applied  to  the  surfaces  of  the  bodies  which 
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it  approaches,  in  a  manner  which  leaves  little  doubt  that  they 
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are  used  as  organs  of  touch.  It  is  no  objection  to  tliis  view,  to 
say  tbat  their  surfaces  are  hard,  and  consequently  that  no  deli- 
cate sensations  can  be  received  through  them  ;  for  the  slightest 
contact  of  their  firmest  points  with  a  hard  substance,  may  pro- 
duce a  sense  of  resistance,  which  will  afford  to  the  animal  the 
information  which  it  requires.  The  stick  used  by  the  blind  man 
in  feeling  his  way,  serves  a  very  similar  purpose. 

499.  It  appears  to  be  by  sensations  received  through  their 
antennas,  that  Bees  and  other  Insects,  which  naturally  woik  in 
the  dark,  are  enabled  to  carry  on  their  labours  vntbout  oonfoaon 
or  inaccuracy  ;  and  by  the  same  means,  iliat  they  communicate 
with  each  other.  When  the  antennse  are  cut  off,  the  Bee  it 
once  ceases  to  work,  and  seems  unable  to  direct  its  movementB 
in  any  other  way  than  towards  the  light.  When  any  important 
event  has  happened  in  a  community,  such  as  the  loss  of  the 
Queen,  the  spreading  of  the  intelligence  through  the  whole  hire 
may  be  watched  by  a  close  observer.  The  working  bees  which 
were  near  her  are  observed  to  run  about  restlessly,  applying 
their  antennsd  to  those  of  the  others  they  may  meet,  crossittg 
them  and  striking  lightly  with  them  ;  these  in  their  turn  become 
agitated  and  do  the  same  ;  and  thus  the  intelligence  is  speedily 
propagated  through  the  whole  hive.  In  the  same  manner,  wlien 
two  bees  meet  each  other  out  of  their  hives,  they  seem  to  recoa- 
noitre  one  another  for  some  time,  by  the  movements  of  their 
antennss ;  and  often  keep  up  these  movements  for  a  oonmderable 
period,  as  if  carrying  on  a  close  conversation.  That  the  antenne 
are  delicate  organs  of  touch  can,  therefore,  be  scarcely  questioned. 

SenMe  of  TatU. 

500.  The  sense  of  taste,  like  tbat  of  touch,  is  excited  by  the 
direct  contact  of  particular  substances  with  certain  parts  of  the 
body;  but  it  is  of  a  much  more  refined  nature  than  touch, 
inasmuch  as  it  communicates  to  us  a  knowledge  of  properties 
which  that  sense  would  not  reveal  to  us.  All  substances,  how- 
ever, do  not  make  an  impression  on  the  organ  of  taste.  Some  of 
them  have  a  strong  savour,  others  a  slight  one,  and  otliers  again 
are  altogether  insipid.     The  cause  of  these  difieiences  is  not 
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understood ;  but  it  may  be  remarked  that,  in  general,  bodies 
which  cannot  be  dissolved  in  water,  have  no  savour ;  whilst  most 
of  those  which  are  soluble,  have  a  more  or  less  strong  taste. 
Their  solubility,  in  fact,  seems  to  be  one  of  the  conditions 
requisite  for  their  action  on  the  organ  of  taste ;  for  when  that 
organ  is  completely  dry,  it  does  not  receive  any  sensation  from 
solid  bodies  brought  into  contact  with  it,  which  may  have  the 
most  powerful  taste  if  reduced  to  a  fluid  form ;  and  there  are 
substances  known,  which,  being  perfectly  insoluble  in  water,  are 
insipid  if  applied  to  the  tongue,  when  it  is  covered  as  usual  witli 
a  watery  secretion ;  but  which  have  a  strong  taste,  when  tliey  are 
dissolved  in  some  other  liquid,  spirit  of  vnne  for  instance. 

501 .  The  sense  of  Taste  has  for  its  chief  purpose,  to  direct 
animals  in  their  choice  of  food  ;  hence  its  organ  is  always  placed 
at  the  entrance  to  the  digestive  canal.  In  higher  animals,  the 
tongue  IS  the  principal  seat  of  it ;  but  other  parts  of  the  mouth 
are  also  capable  of  receiving  the  impressions  of  certain  savours. 
The  mucous  membrane  which  covers  the  tongue,  is  copiously 
supplied  with  blood-vessels ;  and  is  thickly  set,  especially  upon 
its  upper  surface,  and  towards  the  tip,  with  papillwj  resembling 
in  structure  those  of  the  skin,  but  larger  (§.  490).  The  tongue 
itself  is  made  up  of  muscular  substance,  which  accomplishes  the 
varied  movements,  that  are  required  in  the  acts  of  mastication, 
and  in  the  production  of  articulate  sounds.  It  is  supplied  with 
nerves  from  the  third  division  of  the  fifth  pair,  from  the  glosso- 
pharyngeal, and  from  the  hypoglossal  (§.  458).  The  last  is  the 
motor  DOTve  of  the  tongue ;  the  first  is  the  one  chiefly  concerned 
in  the  conveyance  of  sensory  impressions  from  the  front  and 
sides  of  the  tongue  ;  and  the  other  (theglosso-pharyngoal)  seems 
to  have  for  its  office,  the  conveyance  of  those  impressions  from 
the  back  of  the  tongue,  which  excite  the  muscles  of  swallowing 
to  action  (§.  476),  as  well  as  those  which  produce  the  sensation 
of  nausea,  and  excite  the  act  of  vomiting.  The  papillas  are,  for 
the  most  part  if  not  entirely,  supplied  from  the  fifth  pair ;  and 
the  branch  of  this,  proceeding  to  the  tongue,  is  known  as  the 
lingual  nerve.  When  they  are  called  into  action  by  the  contact 
of  substances  having  a  pleasant  savour,  they  not  unfrequently 
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become  very  turgid,  and  rise  up  from  the  surface  of  the  mucous 
membrane;  in  this  manner  is  produced  the  roughness,  that  is  felt 
on  the  surface  of  any  portion  of  the  tongue  or  inside  of  the 
cheek,  against  which  a  piece  of  barley-sugar,  or  other  umilar 
substance,  has  lain  for  some  little  time. 

501.  A  considerable  part  of  the  impression  produced  by 
many  substances,  is  received  through  the  sense  of  smell,  rather 
than  by  that  of  taste.  Of  this  any  one  may  convince  himself, 
by  closing  the  nostrils,  and  breathing  through  the  mouth  only, 
whilst  holding  in  the  mouth,  or  even  rubbing  between  the  tongue 
and  the  palate,  some  aromatic  substance;  its  taste  is  then 
scarcely  recognised,  although  it  is  immediately  perceived  when 
the  nasal  passages  are  re-opened,  and  its  effluvia  are  drawn  into 
them.  There  are  many  substances,  however,  which  have  no 
aromatic  or  volatile  character ;  and  whose  taste,  though  not  in 
the  least  dependent  upon  the  action  of  the  nose,  is  nevertheless 
of  a  powerful  character ;  but  these  for  the  most  part  produce,  by 
irritating  the  mucous  membrane,  a  sense  of  pungency,  allied  to 
that  which  the  same  substances  (acids,  for  instance,  pepper,  or 
mustard,)  will  produce,  when  applied  to  the  skin  for  a  sufficient 
length  of  time.  Such  sensations,  therefore,  are  evidently  of  the 
same  kind  with  those  of  Touch ;  differing  from  them  only  in  the 
decree  of  sensibility  of  the  organ  through  which  they  are  received. 
The  sense  of  Taste,  then,  in  its  ordinary  acceptation,  may  be 
regarded  as  a  compound  of  those  of  Smell  and  Touch. 
.  502.  This  sense  has  a  very  important  function  in  most  aninoals 
which  possess  it, — that  of  directing  them  in  their  choice  of  food. 
Most  of  the  lower  animals  will  instinctively  reject  articles  of 
food,  that  would  be  pernicious  to  them ;  thus  even  the  voradona 
Monkey  will  seldom  touch  fruits  of  a  poisonous  character,  though 
their  taste  may  be  agreeable;  and  animals  whose  digestive 
apparatus  is  adapted  to  one  kind  of  food,  will  reject  all  others. 
As  a  general  rule  it  may  be  stated,  that  substances  of  which  the 
taste  is  agreeable  to  us,  are  useful  and  wholesome  articles  of  food ; 
and  vice  vend :  but  there  are  many  signal  exceptions  to  this.  It 
is  interesting  to  remark  that  in  Man^  when  the  reasoning  powers 
are  obscured  by  disease,  his  instincts  in  regard  to  food  often 


USES  OF  THE  TONGUE.  381 

manifest  tbemselves  strongly,  and  constitute  the  best  guide  in  its 
admiDistration ;  thus,  there  are  many  cases  of  fever,  in  which 
the  physician  is  in  doubt  whether  wine  will  be  injurious  or  bene- 
ficial ;  and  he  will  usually  find  the  disposition  of  the  patient  to 
reject  it,  or  his  readiness  to  receive  it,  to  be  his  best  guide.  And 
in  general  it  may  be  remarked  that,  in  illness,  the  desire  of  the 
patient  for  food,  or  his  indisposition  to  take  it,  pretty  certainly 
indicate  the  fitness  or  unfitness  of  the  system  to  digest  and 
appropriate  it. 

503.    The  tongue  presents  nearly  the  same  structure  among 
the  Mammalia  in  general,  as  in  Man;  but  in  Birds  it  is  usually 
cartilaginous  or  homy  in  its  texture,  and  destitute  of  nervous 
papilke,  so  that  the  sense  of  taste  cannot  be  very  acute  in  any  of 
these  animals.     Several  of  them  use  their  tongues  for  other  pur- 
poses,— ^the  Woodpecker,  for  instance,  to  transfix  insects,  and  the 
Parrots  to  keep  steady  the  nut  or  seed,  which  is  being  crushed 
between  the  jaws.     In  some  Reptiles  the  tongue  is  large  and 
fleshy ;  in  others  long  and  slender  ;  in  others,  again,  it  is  almost 
entirely  deficient :  but  in  no  instance  does  it  seem  to  minister  to 
wy  acute  sense  of  taste.      In  Fishes  it  is  for  the  most  part 
absent.    Many  Invertebrated  animals  possess  a  tongue ;  but  its 
uses  are  for  the  most  part  mechanical.     Thus  the  tongue  of  the 
Limpet  is  a  powerful  rasp,  by  which  it  rubs  down  the  sea- weeds 
on  which  it  feeds ;  whilst  the  tongue  of  the  Bee  forms  a  channel 
through  which  it  draws  up  the  juices  of  flowers.      In  most 
Insects,  the  pulpiy  small  jointed  appendages  in  the  neighbourhood 
of  the  mouth  (§.  172)  seem  to  answer  the  purpose  of  an  organ 
of  taste ;  being  observed  to  be  in  incessant  motion,  whilst  the 
animal  is  taking  food,  touching  and  examining  it  before  it  is 
introduced  into  the  mouth. 

Seme  of  Smell. 
504.  Certain  bodies  possess  the  property  of  exciting  in  us 
sensations  of  a  peculiar  nature,  which  cannot  be  perceived  by 
the  organs  of  taste  or  touch,  and  which  seem  to  depend  upon 
emanations  that  are  spread  from  them  through  the  air,  producing 
what  we  term  odoun.     It  seems  probable  that  odours  are,  in 
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reality,  very  finely-diTided  particles  of  the  odoriferoas  subsUnee; 
and  this  idea  derives  support  from  the  fact,  that  most  volatile 
bodies  are  more  or  less  odorous ;  whilst  those  which  do  not  rea- 
dily transform  themselves  into  vapour,  have  little  or  nofragrancy 
in  their  natural  state,  but  possess  strong  odorous  properties  as 
soon  as  they  are  converted  into  vapour — by  the  aid  of  heat,  for 
instance.     The  most  powerful  and  penetrating  odours  are  for  the 
most  part  those  of  bodies  already  in  a  gaseous  state, — such  as 
sulphuretted  and  carburetted  hydrogen  ;  or  of  fluids  which  rea- 
dily pass  into  the  state  of  vapour,  as  the  vegetable  essential  oils. 
But  there  are  some  solid  substances,  as  musk,  which  are  very 
strongly  odoriferous ;  and  which  do  not  appear  to  diffuse  them- 
selves in  the  air,  in  the  state  of  vapour.     The  odorous  particles 
of  these  must  be  of  extreme  minuteness ;  for  the  substances  do 
not  seem  to  lose  weight,  by  freely  imparting  their  peculiar  soeot 
to  an  unlimited  quantity  of  air.     Thus  the  experiment  has  been 
tried,  of  keeping  a  grain  of  musk  freely  exposed  to  the  air  of  a 
room  of  which  the  doors  and  windows  were  constantly  open,  for 
a  period  of  ten  years ;  the  air,  thus  continually  changed,  was 
completely  impregnated  with  the  odour  of  musk  ;  and  yet  at  the 
end  of  that  time,  the  particle  was  not  found  to  have  suffered  any 
perceptible  diminution  in  weight. 

505.  In  order  that  we  should  become  sensible  of  odours,  it 
seems  necessary  that  the  odoriferous  particles  should  come  into 
actual  contact  with  the  membrane,  on  which  the  nerve  of  smell 
is  spread  out.  In  this  respect,  the  sense  of  Smell  agrees  with 
those  of  taste  and  touch ;  whilst  it  differs  from  those  of  sight  and 
hearing,  which  take  cognisance  of  changes  that  are  produced  by 
vibrations  or  undulations  in  the  surrounding  medium.  It  is, 
moreover,  desirable  that  these  odorous  particles  should  be  con- 
veyed by  the  air,  and  not  be  diffused  through  fluid ;  for  though 
it  is  necessary  to  the  perfection  of  the  sense  of  smell,  that  the 
olfactory  membrane  should  be  kept  moist,  too  great  a  quantity  of 
fluid  upon  its  surface  deadens  its  peculiar  sensibility,— «s  we  find 
to  be  the  case,  when  we  are  suffering  under  an  ordinary  cold. 
Hence  it  is  only  in  air-breathing  animals,  that  the  sense  of  Smell 
can  possess  any  considerable  acuteness. 
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506.  The  most  advantageoui  position  of  this  organ  is  evi- 
dently ftt  the  commencement  of  the  respiratory  passages ;  ao  that 
the  air,  wliich  is  being  received  into  the  lungs,  may  pass  through 
it,  and  be  tetUd,  as  it  were,  by  its  peculiar  sensibility.  In  all 
the  air-breathing  Yertebrata  we  find  a  pair  of  cavities,  the  natal 
/oua,  which  are  situated  between  the  mouth  and  the  orbits. 
Tliey  possess  two  orifices, — the  anterior  narei,  or  nottriU,  usually 
opening  upon  the  front  of  the  face, — and  the  potterior  narei, 
which  open  into  the  pharynx.  The  two  cavities  are  separated 
from  each  other  by  a  vertical  partition,  which  passes  backwards 
and  forwards  on  the  middle  line  ;  their  sides  are  formed  by  the 
vjtrioDS  bones  of  the  face,  and  by  the  cartilages  of  the  noso ;  their 
extent  is  veiy  considerable,  es-  m  k  i  r  ■ 
pecially  in  animals  that  have  a 

prolonged  muizle.      The  interior  * 

uf  these  cftvities  is  lined  by  a  deli- 
cate mncous  membrane,  on  which    a 
the   ol&ctory  nerves  are   distri- 
buted ;  and  the  extent  of  this  is    r 

increased,  by  its  being  folded  over  t 

certMn  projections  from  the  walls    " 
of  the  cavity,  which  are  termed  »  " 

tprntgy  h(mei.     Of  these  there  are       "■      ~N*II'L"ci»Trv." 
three  in  Man,      Prolongations  of      a.  mnuih;  »,  ni-wii  r,  poittrii* 
this    membrane    are  carried  also   ^J^i*?*,!  ^^iihiJir; /A"!'^-**™  be' 
into  cavities  hollowed  out  in  the   twemtneipMigrbonen.j.*.*:  i.fron- 

....  ,  ,  .  ,  umnui;'".»pl>nioMBliiniu;i..opBi- 

neighbonnng  bones,  which  are  in,  ai  Euituchiin  lubo :  a.  curuio  of 
termed  «ni««.  Thus  we  have  thepoiiw. 
the  frontal  sinuses,  2,  situated  just  above  the  nose,  between  the 
eyebrows  ;  and  the  sphenoidal  sinuses,  m,  situated  further  back. 
There  is  also  a  large  cavity  hollowed  out  in  tho  bone  of  the  upper 
jaw  on  either  side.  The  membrane  which  lines  these  is  kept 
moist  by  ito  own  secretion  ;  and  it  is  covered  with  vihratile  ci/ia, 
the  office  of  which  seems  to  be,  to  prevent  that  secretion  from 
undnly  accumulating,  by  conveying  it  over  the  surface  of  the 
membrane  to  the  outlet. 

507.  The  mechanism  of  the  sense  of  Smell  is  very  simple  ; 
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when  air  charged  with  odorons  particles  passes  over  the  mem- 
brane that  lines  the  nose,  some  of  these  particles  are  delayed  by 
the  mucous  secretion  that  covers  it,  and  act  upon  the  delicate 
sensory  extremities  of  the  olfactory  nerve,  with  which  it  is  thickly 
set.  The  highest  part  of  the  nasal  cavity  appears  to  be  that,  in 
which  there  is  the  most  acute  sensibility  to  odours ;  and  hence 
it  is  that,  when  we  muff  the  air,  so  as  to  direct  it  into  the  upper 
part  of  the  nose,  instead  of  allowing  it  to  pass  simply  along  tbe 
lower  portion  from  the  anterior  to  the  posterior  nares,  we  per- 
ceive delicate  odours  which  would  have  otherwise  escaped  ns. — 
The  acuteness  of  the  sense  of  smell  depends,  in  no  small  degree, 
upon  the  extent  of  surface  exposed  by  the  membrane  lining  the 
nasal  cavity,  and  in  this  respect  Man  is  far  surpassed  by  many 
of  the  lower  Mammalia,  especially  among  the  Carnivora,  Rumin- 
antia,  and  some  Pachydermata.  The  extreme  delicacy  of  this 
sense  in  the  Deer,  Antelopes,  &c.  is  well  known,  from  its  being 
a  source  of  great  difficulty  to  the  hunter,  who  cannot  advance 
near  enough  to  attack  them,  except  by  stealing  upon  them  in  the 
direction  contrary  to  that  of  the  wind.  In  these  animals  it  serves 
as  the  chief  means  by  which  they  are  warned  of  the  proximity 
of  their  enemies ;  in  the  Carnivora,  on  the  other  hand,  it  serves 
to  direct  them  to  their  prey.  In  general,  howevw,  it  seems  to 
have  for  its  office  to  assist  in  directing  animals  to  their  food, 
and  in  warning  them  of  the  presence  of  noxious  vapours. 

508.  Besides  receiving  the  olfactory  nerve,  the  mucous  mem- 
brane of  the  nose  receives  branches  of  the  fifth  pair ;  this  nerve 
endows  it  with  common  sensibility,  and  also  receives  the  impres- 
sions produced  by  acrid  or  pungent  vapours,  which  act  upon  it 
in  the  same  way  as  the  corresponding  fluids  do  upon  the  tongne. 
Such  vapours  are  felt  by  the  irritation  they  produce,  rather  than 
$mslt ;  and  the  impression  they  occasion,  gives  rise  to  the  reflex 
action  of  sneezinp^  by  which  they  are  driven  from  the  noee 
(§.  372).  Hence  this  action  will  be  excited  by  an  iiritating 
cause  (such  as  snuff),  after  the  olfactory  nerve  has  been  divided, 
if  the  branches  of  the  fifth  pair  be  entire;  whilst  it  does  not 
take  place  when  the  fifth  paur  is  paralysed,  even  though  tbe 
sense  of  smell  may  be  retained.     This  sense  loses  much  of  its 
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acuteness,  however,  when  the  branches  of  the  fifth  pair  supply- 
ing this  organ  can  no  longer  discharge  their  functions ;  for  the 
membrane  then  becomes  dry,  from  the  want  of  its  proper  secre- 
tion ;  and  the  odorous  particles  are  consequently  not  properly 
applied  to  it. 

509.  Among  animals  that  live  in  water,  the  olfactory  organs 
cannot  act  to  much  advantage ;  and  we  do  not  find  much  pro- 
vision made  for  this  sense.  In  the  Whale  tribe,  the  nostrils 
serve  as  the  channel  by  which  the  water  is  expelled  that  has 
been  drawn  in  through  the  mouth  (§.  184) ;  they  are  situated 
at  the  top  of  the  head,  and  are  known  as  blow-holes.  In  Fishes, 
the  nasal  cavity  has  no  posterior  opening  ;  but  the  surface  of  its 
lining  membrane  is  very  much  extended  by  its  arrangement  in 
folds,  which  are  sometimes  disposed  in  a  radiated  manner, 
around  a  centre,  and  sometimes  parallel,  like  the  teeth  of  a  comb. 
Tliere  are  many  Invertebrated  Animals,  from  whose  actions  it 
may  be  judged  that  they  possess  a  delicate  sense  of  smell ; 
although  the  precise  seat  of  it  cannot  be  assigned.  This  is  the 
case  especially  with  Insects,  Crustacea,  and  the  higher  Mollusca. 
The  lining  membrane  of  the  air-tubes  of  Insects  appears  to  be 
delicately  sensitive  to  irritating  vapours  (§.  443)  ;  but  we  have  no 
evidence  that  it  ministers  to  the  sense  of  Smell  properly  so  called. 

Sense  of  Hearing, 

510.  By  this  sense  we  become  acquainted  with  the  sounds 
produced  by  bodies,  in  a  certain  state  of  vibration.  The  vibra- 
tions which  the  sounding  bodies  undergo,  are  communicated  by 
them  to  the  air,  producing  in  it  a  series  of  undulations  or  waves, 
by  which  the  sound  is  conveyed  to  a  great  distance.  These  un- 
dulations spread  more  widely  as  they  become  more  distant  from 
the  Bounding  body,  just  like  the  ripples  produced  on  the  surface 
of  water  when  we  throw  a  stone  into  it ;  and  in  proportion  as 
they  spread,  they  become  less  powerful.  This  is  the  reason  why 
Sonnd  becomes  less  intense,  as  the  sounding  body  is  more  distant. 
Although  air  is  the  usual  conducting  medium  for  the  sonorous 
undulations,  liquids  or  solids  may  answer  the  same  purpose. 
Thus,  if  a  person  hold  his  head  under  water,  whilst  two  stones 
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are  struck  together,  also  under  water,  at  a  considerable  distance, 
he  will  hear  the  sound  produced  by  the  blow,  with  extreme  dis- 
tinctness, and  even  with  painful  force.  Or  if  the  ear  be  laid 
against  one  end  of  a  long  piece  of  timber,  whilst  a  scratch  with 
a  pin  be  made  on  the  other,  or  a  watch  be  laid  upon  it,  even  the 
faint  sounds  produced  by  these  will  be  heard  very  distinctly. 
That  a  medium  of  some  kind  is  necessary  to  convey  the  sonorous 
vibrations,  is  proved  by  the  fact,  that,  if  a  bell  be  made  to  ring 
in  the  receiver  of  an  air-pump  from  which  the  air  has  been  ex- 
hausted, no  sound  is  heard,  though  its  ringing  immediately 
becomes  audible  when  the  air  is  allowed  to  re-enter.* 

511.  It  is  a  fact  of  much  importance,  in  regard  to  the  action 
of  the  organ  of  Hearing,  that  sonorous  vibrations  which  have  been 
excited,  and  are  being  transmitted,  in  a  medium  of  one  kind,  are 
not  imparted  with  the  same  readiness  to  others.  The  following 
conclusions  have  been  drawn  from  experimental  inquiries  on  this 
subject.  I.  Vibrations  excited  in  solid  bodies  may  be  transmitted 
to  water  without  much  loss  of  their  intensity ;  although  not  with 
the  same  readiness  that  they  would  be  communicated  to  another 
solid.  II.  On  the  other  hand,  vibrations  excited  in  water  lose 
something  of  their  intensity  in  being  propagated  to  solids  ;  but 
they  are  returned,  as  it  were,  by  these  solids  to  the  liquid,  so 
that  the  sound  is  more  loudly  heard  in  the  neighbourhood  of 
those  bodies  than  it  would  otherwise  have  been.  iii.  The 
sonorous  vibrations  of  soUd  bodies  are  much  more  weakened  by 
transmission  to  air ;  and  those  of  air  make  but  little  impression 
on  solids,  iv.  Lastly,  sonorous  vibrations  in  water  are  trans- 
mitted but  feebly  to  air ;  and  those  which  are  taking  place  in  air 
are  with  difficulty  communicated  to  water ;  but  the  communica- 
tion is  rendered  much  more  easy,  by  the  intervention  of  a 
membrane  extended  between  them. 

512.  The  Auditory  nerve,  or  nerve  of  Hearing,  is  adapted  to 
receive  and  transmit  to  the  brain,  the  sonorous  undulations  pro- 
duced in  the  surrounding  medium  by  vibrating  bodies.  Now  it 
is  obvious  that  it  may  be  affected  by  these  in  various  ways,  espe- 
cially in  animab  that  inhabit  the  water.    The  vibrations  excited 

*  Sec  Tmtise  on  Acoustics. 
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in  the  liquid  will  be  transmitted  to  the  solid  parts  of  the  head, 
and  thence  to  the  nerve  contained  in  it,  without  much  interrup- 
tion ; — and  this  independently  of  any  special  apparatus  of  hear- 
ing. Indeed,  the  simplest  form  of  this  apparatus  is  only  designed, 
to  give  increased  effect  to  the  vibrations  thus  excited  in  the  solid 
parts  of  the  head ;  for  it  consists  merely  of  a  cavity  excavated  in 
their  thickness,  which  cavity  is  filled  with  fluid,  and  is  lined  by 
a  membrane  on  which  the  auditory  nerve  is  minutely  distributed. 
This  is  the  form  of  the  organ  of  hearing  in  the  MoUusca,  where 
any  snch  exists ;  and  also  in  many  of  the  Crustacea.  In  those 
of  the  latter  class  which  chiefly  inhabit  air,  however,  this  cavity 
18  excavated  in  the  surface  of  the  shell  covering  the  head ;  and  is 
shut  in  by  a  membrane,  which  is  exposed  to  the  surrounding 
medium.  According  to  the  principle  (iy.)  mentioned  in  the  last 
paragraph,  the  liquid  contained  in  the  chamber  will  be  thrown 
into  undulation  by  vibrations  in  air,  as  well  as  by  those  of  water ; 
so  that  those  animals  which  possess  this  kind  of  apparatus,  are 
able  to  hear  much  better  in  air  than  those  in  which  the  cavity 
is  completely  shut  in  by  stony  walls.  Of  the  degree  in  which 
sonorous  vibrations  may  be  communicated  to  our  own  auditory 
nerves  tlirough  the  solid  parts  of  the  skull,  we  may  easily  satisfy 
ourselves  by  closing  the  ears  carefully,  and  placing  any  part  of 
the  head  against  a  solid  body  which  communicates  with  the  one 
in  vibration.  In  this  manner  we  may  hear  the  sounds  produced 
by  the  latter  with  considerable  distinctness,  though  accompanied 
by  an  unpleasant  yarrtn^.  A  deaf  gentleman  was  once  agreeably 
surprised  to  find  that,  when  smoking  his  pipe,  with  the  bowl 
resting  on  his  daughter's  piano -forte,  he  could  distinctly  hear  the 
music  she  was  producing  from  it ;  and  many  deaf  persons  may 
be  made  to  hear  conversation,  by  holding  a  piece  of  stick  between 
their  own  teeth  and  placing  it  against  the  teeth  of  the  person 
speaking. 

513.  In  animals  which  have  the  organ  of  hearing  constructed 
upon  the  simple  plan  just  described,  the  force  of  the  vibrations 
of  the  fluid  contained  in  the  cavity  is  increased  by  several  minute 
stony  concretions  suspended  in  it;  these  act  according  to  tfano 
second  principle  just  stated  (§.  511).    They  are  termed  otolithesy 
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or  ear-stones ;  and  some  traces  of  them  may  be  found  even  in 
Man  and  the  higher  animals. 

514.  We  see,  then,  that  a  oayity  excayated  in  the  solid  walls 
of  the  head,  covered  in  externally  by  a  membrane,  hsTing  the 
auditory  nerre  distributed  upon  its  walls,  and  filled  with  fluid, 
— is  the  simplest  form  of  the  organ  of  hearing ;  and  may  be 
regarded  as  including  all  that  is  eueniial  to  the  exercise  of  ibis 
function.  No  more  complicated  apparatus  is  to  be  found  in  toy 
of  the  Invertebrata ;  and  even  in  the  lowest  Fishes,  there  is  but 
little  variation  from  this  type.  On  the  other  hand,  in  Man  and 
the  higher  Yertebrata,  we  find  a  very  complex  structure,  adapted 
to  render  the  faculty  much  more  perfect ;  by  receiving  impres- 
sions, which  make  us  aware,  not  only  of  the  presence  of  a  sound- 
ing body,  but  of  its  nature,  its  direction,  the  pitch  and  peculiir 
quality  of  the  sound ;  and  also,  it  is  probable,  by  taking  cogni- 
zance of  sounds  much  fainter  than  those,  which  woald  be  percep- 
tible to  the  lower  animals.  Yet  even  in  the  most  complicated 
forms  of  the  organ  of  hearing,  we  shall  find  that  the  sssential 
part  is  still  the  same,  as  that  which  forms  the  whole  organ  in  the 
lower  tribes ;  and  that  the  faculty  is  still  possessed,  though  in  sn 
inferior  degree,  when  by  disease  or  injury  the  accessary  parts  are 
prevented  from  acting.  To  the  structure  of  the  Ear  of  Man  we 
shall  now  proceed. 

515.  The  oigan  of  hearing  in  Man  may  be  divided  into  three 
parts, — the  external^  middis^  and  irUemal  ear.  The  former  is 
the  fibro-cartilaginons  appendage,  placed  on  the  outside  of  tlie 
head,  to  receive  and  collect  the  sounds  which  are  to  be  trans- 
mitted to  the  interior ;  the  two  latter  divisions  are  excavated  in 
a  bone  of  remarkable  solidity, — ^the  petrous  (stony)  portion  of 
the  temporal  bone.  The  uses  of  the  different  hollows  and 
elevations  on  the  surface  of  the  external  ear  of  Man,  are 
not  very  apparent;  but  it  is  probable  that  they  direct  the 
sonorous  undulations  towards  the  entrance  of  the  canal  whidi 
leads  to  the  middle  ear.  The  form  of  the  external  ear  in 
many  Quadrupeds  evidently  adapts  it  to  this  purpose;  and 
there  are  several  which  have  the  power  of  changing  its  direc- 
tion by  muscular  action,  in  such  a  manner  as  to  enable  it  to 
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catch  most  advuitf^eonBly  the  fiuntest  soonda  irom  any  quarter. 
This  ia  especi^y  the  cose  with  animals  that  are  naturally 
timorous,  each  as  the  Hare  or  the  Deer ;  theae  have  usually 
very  large  oztemal  ears.  But  it  is  among  the  Bat  tribe, — 
whose  residence  in  the  dark  recesses  of  caverns  and  escavations 
makes  their  eyes  of  comparatively  little  use  to  them,  and  causes 
them  to  depend  greatly  for  guidance  in  their  movements  upon 
the  sense  of  healing, — that  we  find  the  greatest  development  of 
the  external  ear. 


516.  The  canal  (of.  Fig.  193),  into  which  the  external  car 
collects  the  sonorous  vibrations,  passes  inwards,  until  it  is  ter- 
minated by  a  membrane  stretched  across  it,  which  is  called  the 
ntetrUtrana  tympani,  tyt  membrane  of  the  drum  of  the  ear  [g). 
This  forms  the  outside  wall  of  a  cavity  excavated  in  the  petrous 
portion  of  the  temporal  bone,  the  inner  wall  of  which  is  bony, 
and  forms  the  partition  between  the  middle  and  internal  ear. 
The  cavity  of  the  tympanum,  constituting  the  middle  ear,  is  not 
one  of  the  eumtial  parts  of  the  organ  ;  for  nothing  analogous  to 
it  exists  in  Fishes,  nor  in  the  lower  Reptiles.  It  contains  air; 
aud  communicates  with  the  back  of  the  nasal  cavity  (n,  Fig.  189) 
by  a  coni^  termed  the  Eustachian  tnhe  {k.  Fig.  193).  It  is  the 
partial  or  complete  closure  of  this  tube,  by  swelling  of  its  lining 
membrane,  or  hy  the  viscid  secretion  from  it,  that  occasions  the 
slight  deafness  commoD  among  those   who  are  suffering  from 
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colds.  Within  the  cavity  of  the  tympanum,  there  is  a  Tery 
carious  apparatas  of  small  bones  and  muscles,  which  aervea  (o 
establish  a  conaection  between  the  membrane  of  the  drum,  and 
the  small  membraue  coTering  the  entrance  to  the  internal  ear. 
These  bones  are  four  in  number  ;  and  are  termed  the  malletu  or 
hammer  (a.  Fig.  191 )  ;  the  incut,  or  anvil  (6) ;  the  oi  orbiadart, 
°        >  a  minute  globnlar  hone  (c);  and  the  *tape»,  or 

1^  sttmip-bone  (d).     These  bones  are  connecti-d  to- 

"^f     ir^        gcther  in  the  manner  represented  in  I^g.  192; 
V       V  where  a  a  represents  the  wall  of  the  tympanic 

n  '  cavity;  b,  the  membrana  tympani ;  e,  one  of  tlie 
^  long  processes  of  the  molleiu,  which  is  attaclied 
I  to  the  membrane;  d,  the  head  of  the  mallens, 

Fio  191  which  articulates  with   the  incus ;  «,  the  other 

Bdmu  at  nm  Bah.  long  process  of  the  mallens,  which  is  acted  on  by 
the  minute  muscle,/;  ^,  the  incDs,  of  whicli  one  leg  is  in  contact 
with  the  wall  of  the  cavity,  g  t 

whilst  the  other  is  connected 
with  the  orbicular  hone,  h; 
i,  the  stapes,    of   which  the  ^ 
upper  end  is  connected  with  the 

orbicular  hone,  whilst  the  low-  *  ' '   ' 

er  (which  is  of  an  oval  form) 
is  attached  to  the  membrane  * 

that   covers   the  entrance  to  i '  .   ^ 

the   internal   ear;    and  k    is 

a    small    muscle  which    acts  '    \      \ 

upon    this    bone,    in  such    a  a    i,    t       b 

manner    as    to    reeulate    its  >"»"-  iw— €*»■«  or  mt  Tmrvn-x.  wir* 

°  THI  Bonn  IH  THIIH  PuCB. 

movements, 

517.  The  use  of  this  apparatus  is  evidently  to  recdve  the 
sonorous  vibrations  from  the  lur,  and  to  transmit  them  to  the 
membrane  forming  the  entrance  to  the  internal  or  essential  part 
of  the  organ  of  hearing ;  in  such  a  manner,  that  the  sonorous 
vibrations  excited  in  the  latter  may  be  much  more  powerful  than 
they  would  be  if  the  air  acted  immediately  upon  it.  The  uaul 
state  of  the  membrane  of  the  tympanum  appears  to  be  rather  lax 
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or  slack  ;  and  when  in  this  oondition,  it  vibntee  ia  accordance 
witli  grave  or  deep  tonee.  By  the  action  of  a  small  muscle 
lodged  within  the  Eustachian  tube,  it  may  be  tightened,  so  as  to 
Tibrste  in  accordance  with  sharper  or  higher  tones;  but  it  will 
then  be  less  able  to  receiTe  the  impressions  of  deeper  sounds. 
This  state  we  may  artificially  produce,  by  holding  the  breath 
and  forcing  air  into  the  Eastachiaa  tube,  so  as  to  make  the  mem- 
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brane  bntge  out  by  pressure  from  within  ;  or  by  exhausting  the 
carity,  by  an  effort  at  inspiration  with  the  mouth  and  noetrila 
closed,  wliich  will  cause  the  membrane  to  be  pressed  inwards  by 
the  external  air.    In  eithei.caee  the  hearing  ia  immediately  found 
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to  be  indistinct ;  but  it  will  be  observed  that  the  experimenter 
tliHs  renders  himself  deaf  to  grave  sonnds,  whilst  acute  sounds 
are  heard  even  more  distinctly  than  before.  There  is  a  difierent 
limit  to  the  acuteness  of  the  sounds,  of  which  the  ear  can 
naturally  take  cognizance,  in  different  persons.  If  the  sound  be 
so  acute  (or  high  in  pitch)  that  the  membrana  tympani  will  not 
vibrate  in  unison  with  it,  the  individual  will  not  hear  it,  although 
it  may  be  loud ;  and  it  has  been  noticed  that  some  persons  cannot 
hear  the  very  shrill  tones  produced  by  particular  Insects,  or  even 
by  Birds,  which  are  distinctly  audible  to  others. 

518.  The  internal  ear  is  composed  of  various  cavities  that 
communicate  with  each  other ;  of  these  the  vestibtUe  (/,  Fig.  193) 
may  be  regarded  as  the  centre ;  from  it  there  pass  off,  on  one 
side,  the  three  semicircular  canals^  m;  and,  on  the  other,  the 
cochlea^  n.  The  vestilnde  is  the  part  which  corresponds  with  the 
simple  cavity,  that  constitutes  the  whole  organ  of  hearing  in  the 
lower  animals ;  and  the  others  may  be  regarded  as  extensions  of 
it  for  particular  purposes.  It  communicates  with  the  cavity  of 
the  tympanum,  by  a  small  orifice  in  the  bony  wall  that  separates 
them,  termed  the  fenestra  ovalis^  or  oval  window.  This  orifice 
is  closed  by  a  membrane,  to  which  the  lower  end  of  the  stapes  is 
attached.  The  three  semicircular  canals  are  passages,  excavated 
in  the  solid  bone,  and  lined  by  a  continuation  of  the  same  mem- 
brane as  that  which  lines  the  vestibule  ;  each  passes  off  from  the 
vestibule  and  returns  to  it  again.  The  cochlea  (n.  Fig.  193),  or 
snail-shell,  also  is  a  cavity  excavated  in  the  hard  bone,  and  lined 
by  a  continuation  of  the  same  membrane ;  its  form  is  almost 
precisely  that  of  the  interior  of  a  snail-shell  (whence  its  name), 
being  a  spiral  canal  which  makes  about  two  turns  and  a-half 
round  a  central  pillar.  Thia  canal  is  divided  into  two,  however, 
by  a  partition  that  runs  along  its  whole  length  ;  which  partition 
is  partly  formed  by  a  very  thin  lamina  of  bone,  and  partly  (in 
the  living  state)  by  a  delicate  membrane.  The  two  passages  do 
not  communicate  with  each  other  except  at  the  top  or  centre  ;  at 
their  lower  end  (corresponding  to  the  mouth  of  the  snail-shell) 
they  terminate  differently  ;  for  whilst  one  freely  opens  into  the 
vestibule,  the  other  communicates  with  the  cavity  of  the  tympa- 
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nnin,  by  an  aperture  termed  the  fenestra  rotunda  (round  win- 
dow), which  is  closed  by  a  membrane.*  Thus  the  internal  ear 
communicates  with  the  cavity  of  the  tympanum,  by  two  minute 
orifices  only, — the  fenestra  ovalu^  and  the  fenestra  rotunda,  both 
of  them  closed  by  membranes,  against  the  former  of  which  the 
stapes  abuts,  whilst  the  latter  is  free. 

519.  The  whole  internal  ear  is  lined  by  a  delicate  membrane, 
on  which  the  auditory  nerye  (o,  Fig.  193)  is  very  minutely 
distributed ;  and  its  termination  in  papillcB  is  particularly  well 
seen  on  the  partition  between  the  two  passages  of  the  cochlea. 
The  cavities  are  completely  filled  with  fluid,  which  is  set  in 
vibration  by  the  movements  of  the  stapes,  communicated  through 
the  membrane  of  the  fenestra  oralis;  and  these  vibrations  are 
probably  rendered  more  free,  by  the  existence  of  the  second 
aperture — the  fenestra  rotunda.  It  is  by  the  influence  of  these 
undulations  upon  the  expanded  fibrils  of  the  auditory  nerve,  that 
the  sensation  of  sound  is  produced ;  but  in  what  way  the  dif- 
ferent parts  of  the  labyrinth  (as  this  complex  series  of  cavities  is 
not  unaptly  called)  contribute  to  the  performance  of  this  func- 
tion, is  not  yet  known.  In  all  but  the  lowest  Fishes,  the  three 
semicircular  canals  exist ;  but  there  is  no  vestige  of  a  cochlea. 
In  the  true  Reptiles,  a  rudiment  of  the  cochlea  may  be  generally 
discovered.  In  Birds,  this  cavity  is  more  completely  formed, 
though  the  passage  is  not  spiral,  but  is  nearly  straight ;  of  its  real 
character,  however,  there  can  be  no  doubt,  from  its  being  divided, 
like  the  cochlea  of  Man,  by  a  membranous  partition  on  which  the 
nerve  is  spread  out. 

520.  In  almost  every  instance  in  which  the  semicircular 
canals  exist  at  all,  they  are  three  in  number,  and  lie  in  three 
different  directions,  corresponding  to  those  of  the  bottom  and  two 
adjoining  sides  of  a  cube ;  hence  it  has  been  supposed,  and  with 
much  probability,  that  they  assist  in  producing  the  idea  of  the 
direction  of  sounds.  It  has  been  also  supposed,  that  the  cochlea 
is  the  organ  by  which  we  judge  of  the  pitch  of  sounds,  and  this 
would  seem  to  be  not  improbable,  especially  when  we  compare 

*  A  double  ipiral  ttaircaM^  coosinicted  exactly  on  this  plan,  has  recently  been 
detcribed  as  existing  in  Tamworth  church. 
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the  development  of  the  cochlea,  in  different  uiiinAlSy  with  the 
variety  in  the  pitch  of  the  sounds  which  it  is  important  that  they 
should  hear  distinctly,  especially  the  voices  of  their  own  kind. 
The  campasi  of  the  voice  (that  is,  the  distance  between  its  highest 
and  lowest  tones)  is  much  greater  in  Mammalia  than  in  Birds ; 
as  is  also  the  length  of  the  cochlea.  In  Reptiles,  which  have 
little  true  vocal  power,  the  cochlea  is  reduced  to  its  lowest  fonn; 
and  in  the  Amphibia,  it  disappears  altogether. 

521.  That  the  Vestibule,  and  the  passages  proceeding  from  it, 
constitute  even  in  Man  the  essential  part  of  the  organ  of  hearing, 
is  evident  from  the  frust,  that  when  (as  happens  not  un&«quently) 
the  merobrana  tympani  has  been  destroyed  by  disease,  and  the 
chain  of  bones  has  been  lost,  the  faculty  is  not  by  any  means 
abolished,  though  it  is  deadened.  In  this  state,  the  vibrations  of 
the  air  must  act  at  once  upon  the  membrane  of  the  fenestra 
ovalis,  as  in  the  lower  animals  which  possess  no  external  or 
middle  ear ;  instead  of  striking  the  membrane  of  the  tympanum, 
and  being  transmitted  along  the  chain  of  bones. 

522.  It  has  been  stated  (§.  510)  that  the  sensation  of  hearing 
is  produced  by  the  successive  undulations  or  vibrations  commu- 
nicated to  the  Ear,  frt>m  the  sounding  body,  by  the  air,  or  by  a 
liquid  or  solid  medium.  This  is  the  case  with  all  eontinmi 
sounds  or  UmM;  but  single  momentary  sounds,  such  as  those 
produced  by  the  discharge  of  a  pistol,  the  blow  of  a  hammer, 
the  ticking  of  a  watch,  or  the  beat  of  a  clock,  make  their 
impression  on  the  ear  by  a  single  shock.  All  continuous  tones 
are  in  fact  caused  by  a  succession  of  such  shocks,  communicated 
to  the  ear  with  sufficient  rapidity  for  the  interval  between  them 
not  to  be  distinguished.  Thus,  if  we  cause  a  tight  string  to 
vibrate,  by  pulling  or  striking  it,  we  occasion — ^not  one  vibration 
only — ^but  a  long  succession  (Meghan.  Philos.  §.  IS?)^  every  one 
of  which  gives  a  new  impulse  to  the  air,  and  produces  a  new 
impression  on  the  organ  of  hearing.  These  vibrations  we  can 
see^  wheii  they  are  sufficiently  extensive ;  and  we  can  alwaysyM 
them,  by  placing  the  finger  on  the  string.  In  the  same  manner, 
the  vibrations  of  a  bell  or  of  a  tuning-fork  continue  long  after 
the  first  blow ;  and  these,  though  we  cannot  see  them,  may  be 
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readily  felt  with  the  finger.  It  is,  in  fact,  in  their  power  of 
continuing  to  yibrate  after  they  have  been  struck,  that  the  pecu- 
liarity of  these  resonant  bodies  consists.  In  other  instances  in 
whicli  continuous  tones  are  produced,  the  vibrations  are  kept  up 
by  the  continued  application  of  the  original  cause,  and  cease  as 
soon  as  it  is  withdrawn ;  this  is  the  case,  for  instance,  in  the 
string  of  the  violin  when  set  in  vibration  by  the  bow,  and  in  the 
flute  and  organ-pipe  when  caused  to  sound  by  the  passage  of  air 
through  them. 

523.  In  all  these  cases,  then,  the  continued  tones  are  due  to 
a  succession  of  impulses  given  by  the  sounding  body  to  the  air; 
and  according  to  the  rapidity  with  which  the  impulses  succeed 
one  another,  will  be  the  pitch  of  the  sound.  It  is  not  difficult 
to  ascertain  by  experiment  the  number  of  such  impulses  required 
to  produce  particular  tones.  Thus,  if  a  spring  be  fixed  near  the 
edge  of  a  revolving  toothed  wheel,  in  such  a  manner  as  to  be 
caught  by  every  tooth  as  it  passes,  a  succession  of  clicks  will  be 
heard ;  and,  if  the  revolution  be  sufficiently  rapid,  these  will 
produce  a  tone.  The  number  of  teeth  which  pass  the  spring  in 
a  given  time,  being  known  by  the  rate  of  the  revolution  of  the 
wheel,  and  by  the  number  of  teeth  upon  its  circumference,  we 
are  enabled  to  ascertain  the  number  of  impulses,  which  are 
required  to  produce  any  given  tone.  The  lowest  note  (C)  given 
by  any  musical  instrument  (that  which  is  produced  by  an  open 
organ-pipe  of  32  feet  long,  or  by  a  stopped  pipe  of  16  feet) 
requires  16  impulses  per  second  ;*  but  continuous  tones  have 
been  produced  by  impulses  occurring  at  the  rate  of  only  7  or  8 
per  second ;  so  that  the  impression  produced  upon  the  ear  by 
each,  roust  have  lasted  at  least  l-7th  or  l-8th  of  a  second.  On 
the  other  hand  it  has  been  ascertained  that  the  ear  can  appreciate 
tones  produced  by  24,000  impulses  in  a  second ;  so  that  the 
limit  already  adverted  to  (§.  517)  must  be  above  this  tone,  the 
pitch  of  which  is  about  4  octaves  above  the  highest  F  of  the 
piano  forte. 

524.  The  strength  or   loudness  of  musical    tones   depends 

*  A  backward  as  well  as  forward  vibration  must  take  place  witb  every  impulse  ; 
eonioquently  the  number  of  the  vibratiwit  is  iwics  that  of  the  impultes. 
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npon  the  force  and  extent  of  the  vibrations  communicated  by  tbe 
sounding  body  to  the  air.  Thus,  when  we  draw  the  middle  of  a 
tight  string  far  out  of  the  straight  line,  and  then  let  it  go,  a  loud 
Round  is  produced,  and  we  can  «0e  that  the  spaoe  through  which 
the  string  passes  from  side  to  side  is  considerable.  As  the  extent 
of  the  vibrations  of  the  string  diminishes,  the  sound  becomes  leas 
powerful ;  and  when  we  can  no  longer  see  the  vibrations,  but 
can  only  feel  them,  the  sound  is  faint.  The  length  of  the  undu- 
lations in  the  air  corresponds  with  that  of  the  vibrations  in  the 
sounding  body;  and  consequently  they  will  strike  upon  tbe 
tympanum  with  more  or  less  force,  as  these  are  longer  or  shorter. 
The  cause  of  the  differences  in  the  timbre  or  quality  of  muacAl 
tones, — such,  for  instance,  as  those  which  exist  between  the 
tones  of  a  flute,  a  violin,  and  a  trumpet,  all  sounding  a  note  of 
the  same  pitch, — are  unknown ;  but  they  probably  depend  upon 
the  different  ^rm  of  the  vibrations. 

525.     The  faculty  of  hearing,  like  that  of  sight,  may  be  very 
much  increased  in  acuteness  by  cultivation ;  but  this  increase 
depends  rather  upon  the  habit  of  attention  to  the  faintest  im- 
pressions made  upon  the  organ,  than  upon  any  change  in  the 
organ  itself.     This  habit  may  be  cultivated  in  regard  to  sounds 
of  some  one  particular  class ;  all  others  being  heard  as  by  an 
ordinary  person.     Thus,  the  watchful  North  American  Indian 
recognises  footsteps,  and  can  even  distinguish  betweai  the  tread 
of  friends  or  foes,  whilst  his  companion,  who  lives  among  the 
busy  hum  of  cities,  is  unconscious  of  the  slightest  sound.     Yet 
the  latter  may  be  a  Musician,  capable  of  distinguishing  the  t<MieB 
of  all  the  different  instruments  in  a  large  orchestra,  of  following 
any  one  of  them  through  the  part  which  it  performs,  and  of 
detecting  the  least  discord  in  the  blended  effects  of  the  whole, — 
efiects,  which  would  be  to  his  coloured  friend  but  an  indistinct 
mass  of  sound.     In  the  same  manner,  a  person  who  has  lived 
much  in  the  country  is  able  to  distinguish  the  note  of  every 
species  of  bird  which  lends  its  voice  to  the  general  concert  of 
Nature;  whilst  the  inhabitant  of  a  town  hears  only  a  confused 
assemblage  of  shrill  sounds,  which  may  impart  to  him  a  dis- 
agreeable rather  than  a  pleasurable  sensation. — Of  the  direetian 
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and  dulanee  of  sounds,  onr  ideas  are  for  the  most  part  formed  by 
habit.  Of  the  former  we  probably  judgo  in  great  degree,  by  the 
rehttiTe  intensity  of  the  impressions  received  by  the  two  ears ; 
thoQgh  we  may  form  some  notion  of  it  by  a  single  organ  (§.  520). 
Of  the  distance  we  judge  by  the  intensity  of  the  sound,  com- 
paring it  with  that  which  we  know  the  same  body  to  produce 
when  nearer  to  us.  The  Ear  may  be  deceived  in  this  respect  as 
well  as  the  eye  (§.  566) ;  thus  the  effect  of  a  full  band  at  a 
distance  may  be  given  by  the  subdued  tones  of  a  concealed 
orchestra  close  to  us ;  and  the  Ventriloquist  produces  his  decep* 
tions,  by  imitating,  as  closely  as  possible,  not  the  sounds  them- 
selves, but  the  manner  in  which  they  would  strike  our  ears. 

Sense  of  Sight. 

526.  By  the  faculty  of  Sight  we  are  made  acquainted,  in  the 
first  place,  with  the  presence  of  light ;  and  by  the  medium  of  that 
agent,  we  take  cognizance  of  the  form  of  surrounding  bodies, 
their  colour,  size,  and  position.  As  to  the  nature  of  Light  itself, 
philosophers  are  at  present  divided;  some  believing  that  it  is 
propagated  by  rays,  consisting  of  actual  particles  emitted  from 
the  luminous  body ;  while  others  consider  it  more  probable,  that 
it  is  transmitted  by  means  of  vibrations  or  undulations,  analogous 
to  those  by  which  sound  is  propagated  (§.  510).  The  latter 
theory  renders  it  necessary  to  suppose  that  all  space  is  filled  with 
a  very  rare^  medium  (to  which  the  name  of  luminous  ether  has 
been  given),  that  serves  for  the  transmission  of  these  undulations ; 
and  this  idea  derives  support  from  facts,  which  the  science  of 
Astronomy  reveals  to  us.  (See  Astronomy,  §.  539  and  642). 
Practically  speaking,  however,  it  is  of  little  consequence  which 
doctrine  is  true ;  since  we  are  alone  concerned  respecting  the  laws 
that  regulate  the  transmission  of  the  rays  of  light,  which  are  the 
same  under  both  theories.  Of  these  laws,  it  is  desirable  that  a 
short  account  should  be  here  given  ;  since,  without  the  knowledge 
of  them,  the  beautiful  action  of  the  Eye  cannot  be  understood. 

527.  The  rays  of  light  uniformly  travel  in  straight  lines,  as 
long  as  they  traverse  the  same  medium  (air,  water^  or  glass,  for 

*  The  oppotite  of  dtnte, 
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instance),  without  obstruction.  In  passing  from  a  single  lumi- 
nous point  into  space,  thej  diverge  or  separate,  in  such  a  manner 
as  to  cover  a  larger  and  larger  surface  as  tliej  advance ;  and  at 
the  same  time  the  intensity  of  the  light  is  diminished.  (See 
Meghan.  Philos.  §.91).  But  when  the  rays  pass  from  one 
medium  to  another  more  or  less  dense,  they  are  bent  out  of  their 
straight  course,  or  refracted  ;  unless  they  should  happen  to  pas 
from  the  one  to  the  other  in  a  direction  perpendicular  to  ike 
plane  which  separates  them.  This  may  be  made  evident  by  a 
very  simple   experiment.     Place  a  coin  or  any  heavy  body 

(a,  Fig.  194)  at  the  bottom  of  a 
6  basin,  and  then   retreat  from  it, 

;; -"^  until  the  coin  is  hidden  by  the  edge 
of  the  basin ;  if  water  be  then  poured 
in,  up  to  the  level  c,  the  coin  will 
again  become  visible,  althongb 
neither  its  own  place,  nor  that  of 
the  observer,  has  undergone  any 
change.  The  reason  of  this  is,  that  the  rays  of  light,  as  tbey 
pass  out  of  the  water,  are  bent  downwards,  or  from  the  perpen- 
dicular ;  so  that  they  reach  the  eye  of  the  observer,  when  it  is 
situated  at  a  lower  point  than  that  which  the  rays  would  bare 
reached,  if  they  had  proceeded  in  a  straight  line.  Thus  the  ere 
of  the  observer,  situated  at  the  end  of  the  line  a  c,  could  not  see 
the  coin  in  a  straight  line;  because  rays  passing  in  that  line 
would  be  interrupted  by  the  opaque  sides  of  the  basin ;  bnt  it 
receives  the  ray  which  was  passing  through  the  water  in  tbe 
direction  a  cf,  and  which  was  bent  downwards  at  the  moment  of 
quitting  it.  If  the  eye  had  been  placed  directly  over  the  coin, 
however,  so  that  the  ray  passing  from  the  latter  to  it  would  hare 
emerged  from  the  water  in  a  direction  perpendicular  to  its  sur- 
face, no  change  in  the  apparent  place  of  the  object  would  have 
been  made  by  pouring  in  the  water ;  since  a  ray  that  passes  from 
one  medium,  to  another  however  difierent,  in  a  direction  perpen- 
dicular to  the  surface  which  separates  them,  is  not  refracted. 
Those  rays  which  pass  out  most  nearly  in  this  direction  are 
refracted  least,  whilst  those  which  pass  out  most  nearly  in  the 
horizontal  direction  are  refracted  most. 


RKFRACTION    BY    CONVEX   SURFACE. 


399 


B^Sm  The  general  law  of  refraction,  ihen,  is, — that  all  rajs 
paaeing  from  a  dense  to  a  rare  medium  are  refracted  Jram  the 
perpendicular,  the  degree  of  change  being  less  as  they  are  near 
tiie  perpendicular,  and  greater  as  they  depart  from  it.  On  the 
other  hand,  when  rays  pass  from  a  rare  medium  into  a  dense  one, 
they  are  bent  tawardt  the  perpendicular ;  and  this  in  a  greater  or 
less  degree,  according  as  their  direction  is  more  distant  from  the 
perpendicular,  or  nearer  to  it.  Thus,  in  Fig.  194,  we  will  suppose 
the  point  a  to  be  the  position  of  the  eye  of  a  Fish  ;  and  the  end 
of  the  line  a  e  (previously  occupied  by  the  eye  of  the  observer) 
to  be  the  position  of  an  Insect  in  the  air.  Now  this  insect  will 
not  be  seen  by  the  fish  in  its  true  place ;  for  a  ray  passing  from 
it  to  e  would  be  so  bent  out  of  its  course,  as  not  to  reach  the 
point  a.  The  direction  in  which  it  is  'really  seen  is  a  d;  for 
the  ray  proceeding  from  the  object  to  the  surface  of  the  water, 
there  undergoes  such  a  refraction,  that  it  is  bent  downwards 
to  a  /  and,  as  we  always  judge  of  the  place  of  an  object  by  the 
direction  in  which  the  rays  last  come  to  the  eye,  the  insect  is 
eeen  by  the  fish  at  d^  that  is,  considerably  above  its  real  place 

(§.  476). 

529.  When  the  surface  which  separates  the  two  media  is  not 
flat,  but  is  convex  or  concave,  (bulging  or  hollowed  out,)  a  very 
important  alteration  is  produced  in  the  direction  of  the  rays  that 
fall  upon  it.  Thus 
we  shall  suppose 
that  three  diverg- 
ing rays,  issuing 
from  a  point,  a, 
(Fig.  195),  and 
traversing  the  air, 
strike  upon  a  con- 
vex surface  of  glass, 
hh\  The  central 
ray  a  e  frills  upon 
the  glass  in  a  di- 
rection perpendi- 
cular to  its  surface  at  that  point,  and  passes  on  unchanged  in  its 
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course.  But  the  ray  a  d  falln  upon  the  sur&oe  very  obliqaaly ; 
and  consequently  in  entering  the  glass,  it  will  be  bent  to¥rard8 
the  line  «,  which  is  perpendicular  to  the  surface  at  the  point 
where  it  enters,  and  will  pass  onwards  in  the  direction  /.  In 
the  same  manner,  the  ray  ag  will  be  refracted  into  the  direction  t. 
Hence  these  rays,  now  eotwerging^  would  be  found,  if  prolonged, 
to  meet  each  other  again  ;  and  the  point  at  which  they  meet  is 
termed  the  foeut^  To  this  point  all  the  other  rays,  which  iall 
upon  the  convex  surface,  at  a  moderate  distance  from  the  central 
ray,  will  be  also  conducted. 

530.  On  the  other  hand,  if  the  surface  of  the  glass,  insteid  of 
being  convex,  is  eancavsy  the  diverging  rays  which  fall  upon  it 
will  be  made  to  diverge  still  more.     Thus  in  Fig.  196,  let  a  be 

the  point  whence 
the  rays  israe, 
and  b  b  the  sur- 
face of  the  lens ; 
the  central  rvf 
a  e  will  pass  on 
unchanged,  as  be- 
fore ;  but  the  rtj 
a  d  will  be  bent 
towards  the  per- 
pendicular 0,  so  as  to  pass  on  in  the  direction/;  and  the  imy  a; 
will  be  bent  towards  the  perpendicular  h,  into  the  direction  t. 
It  is  easy  to  understand  that  the  change  of  direction  will  be 
greater,  as  the  curvature  of  the  lens  is  more  considerable.  Thus 
a  convex  lens  has  a  long  focus  or  a  short  focus  (that  is,  brings 
rays  to  a  focus  at  a  greater  or  less  distance  from  itself)  accord- 
ing as  the  curvature  of  its  surface  is  less  or  more  conmderable. 

531.  The  rays  issuing  from  every  point  in  an  object,  and 
falling  upon  a  convex  lens,  are  brought  to  a  focus  on  the  other 
side  of  the  lens  ;  and  thus  a  distinct  image  or  picture  is  farmed 
upon  any  screen  placed  at  the  proper  distance  to  receive  it,-' 
every  point  in  that  image  being  the  representative  of  the  corre- 
sponding point  in  the  object.  But  this  image,  according  to  the 
laws  of  Optics,  wiU  be  interUd. 


FiO.  196. 
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533.  Now  the  Eye,  in  its  moat  perfect  form — anch  aa  tt 
poBsesBee  in  Man  and  the  higher  animals — is  an  optical  instni- 
ment  of  wonderful  completeness,  designed  to  form  an  exact 
picture  of  surrounding  objects,  upon  the  expanded  surface  of  the 
optic  nerre,  by  which  the  impression  is  conveyed  to  the  brun. 
As  it  is  in  the  most  perfect  form  uf  this  instrument,  that  we  are 
best  able  to  judge  of  the  uaea  of  its  different  parts,  it  will  b* 
preferable  to  conuder  this  in  the  first  instance,  and  then  to 
advert  to  the  less  complete  forms,  which  we  meet  with  in  the 
lower  animals. 

533.  The  Eye  of  Man,  and  of  all  the  Tertebrata,  has  a 
nearly  globular  form.  The  walla  of  the  sphere  are  composed  of 
three  eoatt;  whilst  in  its  interior  are  found  three  humouri  of  a 
more  or  less  fluid  character.  The  outer  coat,  named  the  leUrotie 
((,  Fig.  197),  <■  tough  and  fibrous,  and  ia  destined  to  support  and 
protect  the  delicate  parts  which  it  contains.  It  does  not  cover 
the  whole  globe,  however;  but  gives  place  in  the  front  of  the 
eye,  to  a  transparent  lamina  of  cartilaginous  structure  (c),  which 
is  termed  the  oomea.  The  manner  in  which  this  cornea  is  s(<t 
upon  the  sclerotic  coat,  serving         ^^      •■         ,       cr  b 

aa  the  continuation  of  it,  may  be 
compared  to  that  in   which   a 

watch-glass  serves  as  the  conti-     ^  . 

nnatibn  of  the  watch-case  over 

the  dial.     The  cornea  is  rather  p 

more  convex  tban  the  rest  of  the     "  ca 

sphere  of  the  eye ;  so  that  tlie  t 

globe  makes  a  slight  additional     ' 

projection  in  that  part.     When  ^  ^         ^  ^  ^ 

the  sclerotic  coat   is   removed,       f«>.  i^j.^mnTORDF  mi  bii, 
we  come  upon  the  second  coat,      "•  «im™  i  *■  Miarotio ;  i'.  portioa  oi 

I.-  L  ■    .  i.L       1        -J,   11      the  «1erotlD  luniKl  back  to  ibow  Ih* 

which  IS  termed  the  cAiiroia(eA);  >ubj>«nt  puti ;  ci,  cbonid;  r.nniiui! 
this  is  much  more  delicate  in  its  !','(J*""pu^iVcr?'c"rtIiirne''™«Ti>c! 
strnctnre,  and  consists  almost  "fii"r  proow™;  »,  Tiireom  hnmonn 
entirely    of    blood-vessels    and      ' 

nerves.  It  has  a  d^ep  black  colour,  owing  to  ita  being  covered 
with  a  layer  of  black  pifftnenl,  which  consiala  of  cells  that  have 
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the  power  of  secreting  a  black  granular  matter  in  their  interior.* 
This  coat  also  changes  its  character  in  the  front  of  the  eye ;  being 
there  oontinnons  with  the  iris,  or  coloured  portion  (t),  which 
forms  a  sort  of  curtain  that  hangs  down  behind  the  cornea.  The 
surface  of  the  iris  is  flat,  or  nearly  so ;  and  there  is  consequently  a 
space  between  it  and  the  cornea,  like  that  which  intervenes  b^ 
tween  the  dial-plate  and  glass  of  a  watch ;  this  space  is  termed 
the  anterior  chamUr  of  ,ihe  eye.  The  iris  is  perforated  in  its 
middle  by  an  aperturei,  termed  the  pupil  (p).  This  aperture  ia 
always  round  in  Man  ;  but  in  animals  whose  range  of  vision  b 
required  to  extend  widely  in  a  hoiizoniil  direction,  (such  as  the 
Ruminantia,  and  others  which  feed  upon  herbage,)  it  ia  an 
ellipse  with  the  long  diameter  hoxiaontal;  whilst  in  animals 
which  rather  seek  their  food  above  or  below  them,  (such  as  the 
Cat  and  other  Gamivora,  which  naturally  live  among  trees  and 
high  places,)  the  pupil  is  an  ellipse,  whose  long  diameter  is 
vertical. 

534.  By  the  contraction  and  relaxation  of  certain  fibres  in 
the  iris,  the  size  of  the  pupil  is  changed,  according  to  the  degree 
of  light  to  which  the  eye  is  exposed  ;  tho  pupil  being  made  to 
contract  in  a  strong  light,  in  such  a  manner  as  to  exclude  the 
rays  that  would  be  superfluous,  and  to  prevent  too  many  from 
falling  upon  the  expansion  of  the  optic  nerve ;  whilst  it  dilates 
in  a  faint  light,  so  as  to  admit  as  many  njs  as  possible.  If  we 
notice  the  pupil  of  a  Man  who  is  looking  towards  the  mid-day 
sun,  we  shall  see  that  it  is  contracted  to  a  small  round  speck  ; 
but  the  pupil  of  a  Sheep  would  be  contracted,  in  similar  cireum- 
stances,  into  a  horizontal  slit ;  and  the  pupil  of  a  Cat  into  a  rer- 
tical  one.  The  alteration  in  the  size  of  the  pupil,  in  aocordanoe 
with  the  degree  of  light,  may  be  easily  observed,  by  stationing 
one's  self  at  a  window  provided  with  shutters,  and  holding  a 
looking-glass  in  the  hand.  If  the  light  be  at  first  strong,  the 
pupil  will  be  seen  in  a  contracted  state ;  but  if  the  shutters  be 
gradually  closed,  so  as  to  diminish  the  amount  of  light  that  &Us 
upon  the  eye,   the  pupil  will   be  seen  to  enlarge ;  and  it  will 

•  Similar  pigment-cells,  having  great  Tariety  in  their  fotm,  are  to  be  found  com- 
•»oting  the  black  spots  on  the  skin  of  the  Fmg,  Water  Newt,  &c. 
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diminish  again  when  the  shatters  are  re-opened.  The  blackness 
wliich  the  pupil  always  presents,  in  the  healthy  state  of  the  eye, 
is  due  to  our  seeing  the  black  lining  of  the  back  of  the  eye 
through  it.  In  many  quadrupeds,  the  black  pigment  is  replaced, 
in  one  portion  of  the  eye,  by  a  layer  of  a  bluish  colour,  having 
an  almost  metallic  lustre ;  and  from  this  we  see  the  light  bril- 
liantly reflected,  when  we  look  at  their  eyes  in  certain  directions. 
The  back  of  the  iris  is  always  covered  with  black  pigment,  the 
use  of  which  is,  to  absorb  the  rays  that  would  otherwise  be 
reflected  from  one  side  of  the  interior  of  the  eye  to  another,  ren- 
dering the  image  indistinct. 

535.  On  turning  back  the  choroid  coat,  we  come  to  the 
third  layer  (r),  of  which  the  wall  of  the  eye  is  composed  ;  this 
is  an  extremely  delicate  film,  chiefly  consisting  of  nervous  fibres 
which  spread  out  from  the  optic  nerve  (n)  ;  and  it  is  called  the 
retina  (or  net).  It  advances  nearly  as  far  as  the  iris ;  but  it  is 
deficient  in  the  front  of  the  eye. 

536.  The  cavity  of  the  globe  is  occupied  by  three  humours  of 
different  consistence, — the  aqueous,  vitreous,  and  er^sicdline*  The 
aqueous  humour  is  nearly  pure  water,  being  nothing  else  than 
the  serum  of  the  blood  very  much  diluted ;  it  occupies  the  an- 
terior chamber  (ca%  and  a  small  space  behind  the  iris,  in  front 
of  the  crystalline  lens.  The  vitreous  humour  (v)  resembles 
thin  jelly  in  consistence,  and  occupies  the  greater  part  of  the 
globe  of  the  eye  behind  the  iris.  The  crystalline  {cr)  is  of  much 
firmer  consistence,  resembling  very  thick  jelly,  or  soft  gristle ; 
it  has  the  form  of  a  doable  convex  lens,  the  posterior  surface  of 
which  is  more  convex  than  its  anterior  ;  and  hence  it  is  com- 
monly known  as  the  erysUdline  lens.  It  is  suspended  in  its 
place  by  a  set  of  little  bands  proceeding  from  the  choroid  coat, 
and  known  as  iA\e  ciliary  processes  (j>e). 

537.  The  cornea  is  covered  externally  by  a  membrane  {bh) 
termed  i\\^  conjunctiva.  This  membrane  is  perfectly  transparent 
where  it  covers  the  cornea,  and  seems  like  the  outer  layer  of  it ; 
the  front  of  the  sclerotic  also  is  covered  by  it,  and  it  is  there 
semi-opaque,  having  a  whitish  colour.  The  membrane  doed  not 
pass  back  over  the  globe  of  the  eye,  however,  but  bends  forward 
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again,  as  seen  at  56,  so  as  to  form  the  lining  of  the  eyeUds,  at  the 
edge  of  which  it  becomes  continuous  with  the  skin.  Thus  the 
smooth  surfaces  of  the  eye  and  of  the  under  side  of  the  lids,  are 
both  formed  by  this  membrane;  the  mucous  secretion  from 
which,  serves  to  diminish  the  friction  of  one  upon  the  other. 
Bu{  the  smallest  particle  of  any  hard  substance,  which  may 
become  interposed  between  these  surfaces,  produces  great  iiri- 
tation.  It  cannot  pass  far  backwards,  however,  on  account  of 
the  bend  of  the  membrane  at  hb ;  and  thus  it  may  be  always 
removed  (if  loose)  with  little  difficulty.  The  lower  lid  can  be 
easily  drawn  down,  so  as  to  expose  the  membrane  as  far  as  this 
bend ;  and  any  loose  particle  that  is  lying  upon  its  surface  may 
thus  be  detected  and  removed.  But  the  upper  lid,  being  l<mger, 
cannot  be  drawn  out  sufficiently  for  this  purpose;  and  it  u 
necessary  to  evert  it,  or  turn  it  inside-out.  As  the  knowledge 
of  the  mode  of  performing  this  very  simple  operation  will  often 
save  a  good  deal  of  suffering,  it  will  be  here  described.  Nothmg 
more  is  necessary  than  to  close  the  upper  lid — ^not  forcibly,  how- 
ever ;  next  to  make  pressure  upon  its  upper  part  with  a  pencil, 
bodkin,  knitting-needle,  or  other  hard  body  of  small  diameter; 
and  then,  taking  hold  of  the  eye-lashes,  to  draw  the  lower  edge 
of  the  lid  forwards  and  upwards.  By  a  dexterous  movement  of 
this  kind,  the  lid  may  be  everted  without  any  pain, — a  little 
temporary  discomfort  being  all  that  the  displacement  occamone ; 
its  lining  membrane  is  then  exposed,  and  any  offending  particle 
may  be  readily  removed. 

538.  The  globe  of  the  eye  is  moved  by  six  muscles,  which 
are  lodged  within  the  bony  cavity  or  orbUy  hollowed  out  in  the 
skull.  All  these  muscles,  except  one,  originate  at  the  back  of 
the  orbit,  and  are  inserted  into  the  sclerotic  coat,  near  its  front, 
by  broad  thin  tendons.  Four  of  them  are  termed  recti  or 
straight  muscles.  One  of  these,  the  superior  rectus  (#,  Fig. 
198),  is  inserted  at  the  upper  part  of  the  ejre,  and  consequently 
by  its  contraction  rolls  the  globe  upwards ;  another,  the  inferior 
rectus  {d)  produces  a  corresponding  movement  downwards.  A 
third,  the  internal  rectus  (which  could  not  be  shown  in  this 
figure)  rolls  the  globe  inwards  or  towards  the  nose ;  whilst  s 
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fourth,  the  external  rtctua,  (the  cut  extremity  of  which  is  eeen 
at  f),  turns  it  outward.     Be-  ^     , 
sides  these,  there  is  a  remark- 
Able  muscle,  the  iuperiorobligue  ,- 

(A),    which    originates  at  the  ^  ' 

bftck  of  the  orbit,  comes  for-  ^ 
wards  to  the  front,  where  its 

tendon  passes  through  8  pulley,  ^   - 

and  then  turns  backwards  to  / 

be  inserted  into  the  sclerotic  t 

ooat,  at  a  point  considerably  ^ 

behind  the  pulley.    The  action  fio.  las.— tutical  Bktioh  or  thk  onvin 

of  this  muscle  will  be  to  roll  IJIT/^J!  «™«1l,«ll'^tC  "1.p«cS«« 

the  globe  down  wards  and  some-  •'■  interfar™""'™™'*;  t,«ip*riorr«iui 

what  outwards.  Tlie  sixth  inns-    mdol  IhBinfeHar  obliques  h,  iiiptrior  ab 

cle,  termed  the  inferior  oblique  ihXmUBiuX'"'  '^  ""  "'*""'''  *"  " 
{ff),   does  not   arise  like  the 

rest  from  the  hack  of  the  orbit,  but  from  its  lower  border ; 
and  its  action  is  to  roll  the  eye  upwards  and  inwards.  Of  these 
muscles,  the  superior,  inferior,  and  internal  recti,  together  with 
the  inferior  obliqne,  and  also  the  elevator  muscle  (i)  of  the  upper 
eyelid,  are  supplied  with  tnotornerves  by  the  tAiW  pair  (§,  458)  ; 
whilst  the  superior  oblique  has  a  nerve  to  itself,  the /»ur(A  ;  and 
the  external  rectus  has  another  nerve  to  itself,  the  lixlh. 

539.  The  relative  actions  of  these  muscles  and  nerves  are 
not  yet  fiilly  understood.  There  is  this  very  peculiar  circum- 
stance attending  the  movements  of  the  two  eyes, — that  although 
they  are  harmontova,  they  are  seldom  lymm^rical.  Thus, 
when  we  direct  our  eyes  towards  an  object  on  one  aide  of  us, 
they  move  harmoniously,  that  is,  with  a  common  purpose ; 
but  their  movement  is  not  symmetrical,  for  one  globe  is  rolled 
inwards  by  the  internal  rectus,  whilst  the  other  is  rolled  out- 
wards by  the  external  rectns.  These  two  different  actions  seem 
to  be  instinctively  connected,  and  to  be  guided  by  the  sensations 
wbicharereceivedthrough  the  two  eyes  respectively.*  It  is  only 
when  tbey  both  move  directly  upwards,  or  directly  downwards, 

•  S«  ihB  Aollior'.  PrinciplM  of  HuDmii  Phy.iology,  J.  2S1.  25^. 
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that  their  moTements  are  at  the  same  time  harmomons  and  sym- 
metrical. It  may  be  shown  that  two  of  the  recti  mnscles,  act- 
ing in  conjunction  with  one  of  the  oblique,  may  produce  (accord- 
ing to  the  laws  of  the  composition  of  forces,  Mechan.  Pinios. 
^.  16*2)  any  of  the  motions  of  the  globe ;  and  it  has  been  sog- 
gested  that  the  S3rmmetrical  movements  of  the  eyes  arc  prodaced 
(in  all  cases  in  which  they  are  not  harmonious)  by  the  volunlaij 
action  of  one  set,  acting  upon  the  eye  which  is  directed  towards 
the  object ;  whilst  the  other  eye  follows  in  the  same  direction  by 
the  instinctive  movement  of  the  other  set. 

540.  The  eyebrows,  eyelids,  and  eyelashes,  serve  in  various 
ways  for  the  protection  of  the  eyes.  In  Birds  and  Reptiles 
there  is  a  third  eyelid,  which  is  drawn  across  the  eye  by  a  muscle 
that  passes  through  a  loop  in  it.  This  nictitating  msmhi'WMy  as 
it  is  termed,  is  semi-transparent ;  and  it  serves  to  protect  the  eye 
from  the  too-powerful  rays  of  light,  without  destroying  the 
power  of  vision.  The  upper  and  lower  eyelids  of  the  Mammalia, 
and  the  nictitating  membrane  of  Birds  and  Reptiles,  are  very 
frequently  drawn  over  the  front  of  the  globe,  during  the  waking 
state,  for  the  purpose  of  sweeping  from  it  the  dust  and  other 
accidental  impurities,  which  would  otherwise  be  injurious. 
Beneath  the  upper  eyelid,  in  the  upper  and  outer  portion  of  the 
orbit,  b  situated  the  lachrymal  gland  (X:,  Fig.  198) ;  this  is  con- 
tinually pouring  out  a  watery  secretion  over  the  globe  of  the  eye, 
which  serves  to  wash  from  it  these  impurities,  and  to  keep  it 
moist.  It  is  only,  however,  when  the  quantity  of  this  secretion 
is  increased  by  mental  emotion  or  by  irritation  in  the  eye  itself^ 
producing  a  flow  of  tears,  that  we  become  consciotis  of  its 
existence.  It  is  ordinarily  drawn  off  as  fast  as  it  is  formed,  by  a 
curious  apparatus  situated  at  the  inner  border  of  the  eye.  If  the 
edges  of  the  lids  be  carefully  examined,  there  will  be  seen  upon 
each  of  them,  close  to  the  inner  comer  of  the  eye,  a  minute  spot, 
which  is  the  entrance  to  a  small  canal,  termed  the  lachrymal  dmct. 
The  two  ducts,  one  commencing  at  the  comer  of  the  upper  Kd« 
and  the  other  at  the  lower,  soon  unite  into  one  canal,  whidi 
swells  out  into  a  sort  of  reservoir,  the  lachrymal  9ac^  that  lies 
upon  the  side  of  the  upper  part  of  the  nose;  and  from  this 
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reaenroir  a  canal  passes  down,  through  the  bones  of  the  nose,  into 
its  cavitj.  By  this  apparatus,  the  fluid  which  is  poured  by  the 
lachrymal  gland  over  the  exterior  of  the  eye,  is  drawn  off  at  the 
interior,  after  washing  its  surface ;  whence  it  is  carried  into  the 
nose,  and  is  got  rid  of  by  the  current  of  air  that  passes  through 
its  passages  in  breathing.  The  edges  of  the  lids  meet  in  such  a 
manner,  when  they  are  closed,  as  to  form  a  sort  of  gutter  or 
channel,  along  which  the  lachrymal  secretion  flows  from  their 
outer  to  their  inner  comer  during  sleep. 

541.  Having  thus  described  the  structure  of  the  Eye,  and  the 
general  actions  of  the  parts  by  which  it  is  adapted  to  the  per- 
formance of  its  remarkable  function,  we  shall  examine  into  the 
details  of  this  function ;  in  other  words,  into  the  nature  of  vision. 

542.  It  is  through  the  medium  of  the  light  they  emit,  that 
we  are  enabled  to  take  cognizance  by  the  Eye  of  the  forms^  sizes, 
colours,  and  positions  of  surrounding  objects.  Some  of  these 
are  self-luminous ;  that  is,  they  give  off  light  from  themselves, 
when  that  from  all  other  sources  is  excluded.  This  is  the  case 
with  the  Sun,  and  with  bodies  in  a  state  of  combustion ;  as  well 
as  with  those  that  are  phosphorescent,  which  may  probably  be 
regarded  as  in  a  state  of  slow  combustion.  But  other  bodies 
transmit  to  us  only  that  light  which  their  surfaces  reflect  from 
self-luminous  bodies ;  and  hence,  when  they  are  excluded  from 
the  influence  of  the  latter,  they  are  not  seen.  Thus  in  day-light, 
the  light  of  the  sun  is  reflected  to  us  from  the  clouds,  from  the 
surface  of  the  earth,  and  from  all  terrestrial  objects, — the  more 
powerfully,  in  proportion  as  their  respective  surfaces  are  more 
highly  polished  or  of  brighter  colours :  but  if  we  place  ourselves 
in  a  room,  from  which  the  light  of  the  sun  is  entirely  excluded, 
we  can  see  no  objects,  because  no  luminous  rays  are  reflected  by 
them  to  our  eyes. 

543.  The  rays  of  light  which  diverge  from  the  several  points 
of  any  object,  and  fall  upon  the  front  of  the  cornea,  are  refracted 
by  its  convex  surface,  whilst  pasnng  through  it  into  the  eye,  and 
are  made  to  converge  slightly.  They  are  brought  more  closely 
together  by  the  crystalline  lens,  which  they  reach  after  passing 
through  the  pupil ;    and  its  refracting  influence,  together  with 
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that  produced  by  the  vitreous  humour,  ia  such  as  to  cause  th« 
rajs  that  issued  from  each  point  to  meet  in  a  focus  on  the  retina. 
As  every  point  is  thus  represented  in  its  proper  position  rek- 
tively  to  others  (except  that  those  which  were  above  are  now 
below,  and  vice  ver$d)y  a  complete  inverted  image  or  picture  of 
the  object  is  formed  upon  the  retina.  This  is  shown  in  Fig.  199; 
where,  for  the  sake  of  convenience,  two  rays  only  are  represented 
as  issuing  from  each  of  the  two  extremities  of  an  object,  a  c. 

These  rays  cross  each  other 
in  the  middle  of  the  eye, 
those  from  a  being  brought 
to  a  focus  at  5,  and  those 
from  e^id;  and  as  all  the 
other  rays  are  refracted  in 
the  same  manner,  a  complete  inverted  picture  of  the  object  is 
formed  at  the  back  of  the  eye. 

544.  That  this  is  really  the  case,  may  not  only  be  inferred, 
but  proved.  If  the  eye  of  a  Rabbit  be  removed  from  its  socket, 
and  cleansed  of  the  muscles,  fat,  &c.  adherent  to  its  back  part, 
and  a  candle  be  then  brought  in  front  of  it,  the  transparency  of 
the  sclerotic  coat  will  allow  the  image  of  the  candle,  that  is 
formed  upon  the  retina,  to  be  distinctly  seen.  Or,  if  we  take 
the  eye  of  a  Sheep  or  an  Ox,  and  after  cleansing  it  in  the  same 
manner,  we  cut  out  firom  the  back  of  it  a  portion  of  the  sclerotic 
and  choroid  coats,  covering  the  part  of  the  retina  thus  left  bare, 
with  a  piece  of  tissue-paper  (for  the  purpose  of  keeping  in  the 
vitreous  humour,  without  interrupting  our  view  of  the  image), 
a  distinct  but  inverted  miniature  picture  of  all  the  objects  in 
front  of  the  eye  will  be  seen  at  its  back.  It  is  necessary  in 
these  experiments  that  the  eyes  should  be  taken  from  animab 
recently  killed ;  as  the  cornea  and  humours .  soon  lose  their 
transparency,  and  the  distinctness  of  the  picture  is  consequently 
impaired. 

545.  The  black  pigment,  which  is  situated  immediately 
behind  the  retina, — that  is,  in  contact  with  its  external  surftce, 
— ^is  destined  to  absorb  the  rays  of  light,  immediately  that  they 
have  passed  through  the  retina ;    so  as  to  prevent  them  from 
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being  reflected  from  one  part  of  the  interior  of  the  globe  of  the 
eye  to  another,  which  would  cause  a  great  confusion  and  indis* 
tinctness  in  the  picture.  Hence  it  is  that,  in  those  individuals 
(both  among  Man  and  the  lower  animals)  in  whose  eyes  this  pig- 
ment is  deficient,  vision  is  extremely  imperfect.  The  eyes  of 
those  individuals  (termed  Albinos),  derive,  from  the  absence  of 
pigment,  a  very  peculiar  appearance.  The  iris  does  not  possess 
its  ordinary  colour ;  but,  owing  to  the  large  quantity  of  minute 
blood-vessels  which  it  contains,  it  presents  a  bright  red  hue. 
The  choroid  coat,  seen  through  the  pupil,  has  exactly  the  same 
aspect ;  so  that  the  pupil  is  not  readily  distinguished.  During 
the  day,  the  vision  of  these  Albinos  is  very  indistinct,  and  the 
glare  of  light  is  painful  to  them  ;  and  it  is  only  when  twilight 
comes  on,  that  they  can  see  clearly  and  without  discomfort. 

546.  The  eye  is  a  much  more  perfect  optical  instrument  than 
we  might  be  led  to  suppose,  from  the  cursory  view  we  have 
hitberto  taken  of  its  functions ;  for  by  the  peculiarities  of  its 
construction,  certain  faults  and  defects  are  avoided,  to  which  all 
ordinary  optical  instruments  are  liable.  One  of  these,  termed 
9pkerical  aberration^  results  from  the  fact,  that  rays  falling  upon 
the  central  and  outer  parts  of  an  ordinary  convex  lens,  whose 
surfaces  form  part  of  a  sphere,  are  not  brought  to  meet  in  one 
point, — the  focus  of  the  central  portion  being  rather  more  distant 
than  that  of  the  outer  part.     This  is  shown  in  Fig.  200,  where 


L  L  is  the  lens,  r  l,  R  L,  are  rays  falling  upon  its  ciixsumfer- 
ence,  and  r'  l',  r'  l',  are  rays  falling  near  its  centre.  The 
former  set  of  rays  meet  in/;  whilst  the  latter  pass  on  to  p,  before 
tbey  meet  in  a  focus.  This  may  be  shown  by  covering  the  cen- 
tral and  outer  portions  of  the  lens,  alternately,  with  some  opaque 
substance,  which  shall  stop  all  the  rays  of  light  proceeding 
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throngh  it.  When  the  central  portion  is  covered,  a  distinct 
image  will  he  formed  at  /,  by  the  rays  falling  upon  the  outer 
portion ;  and  when  the  outer  portion  is  covered,  a  distinct  imige 
will  be  formed  at  f,  by  the  rays  that  have  passed  through  the 
inner  portion.  But  when  the  whole  lens  is  employed,  no  ^ 
tinct  image  is  formed  anywhere ;  for  if  a  screen  be  held  at  /,  it 
will  receive,  not  only  the  rays  which  are  brought  to  a  focus  at 
that  point,  but  also  the  rays  which  are  going  on  to  meet  at  f; 
and,  on  the  other  hand,  if  the  screen  be  held  at  f,  it  will  receive, 
not  only  the  rays  which  are  brought  to  a  focus  there,  but  also 
those  which,  having  met  at  /,  have  crossed  and  passed  on  to  o 
and  H. 

547.  Now  this  indistinctness  is  ordinarily  got  oyer  in  prac- 
tice, by  employing  only  the  central  portion  of  the  lens ;  so  that 
only  those  rays  which  correspond  to  r'  l',  r'  l',  shall  pan 
through  it.  This  we  observe  in  ordinary  Microscopes  and  Tele- 
scopes ; — a  step  or  perforated  partition  being  interposed  behind 
the  lenses,  so  as  to  allow  the  light  to  pass  through  only  a  small 
aperture  in  their  centre.  By  this  plan  a  great  deal  of  light  is 
cut  off;  and  the  image  is  rendered  dark*  The  spherical  aber- 
ration may  be  completely  corrected,  however,  by  a  certain 
adaptation  of  two  or  more  lenses,  whose  surfaces  liaTo  di£ferent 
curvatures ;  the  effect  of  which  is,  to  bring  all  the  rays  that  have 
passed  throngh  every  part  of  this  compound  lens  to  the  same 
focus.  Now  this  very  adjustment  is  made  in  the  eye,  by  the 
arrangement  of  the  curvatures  of  the  cornea  and  of  the  two 
surfaces  of  the  crystalline  lens ;  and  in  the  well-formed  eye  it  is 
so  perfect  as  to  produce  complete  distinctness  in  the  image  or 
picture  formed  upon  the  retina.  The  only  case  in  which  this 
would  not  occur  is,  when  an  object  is  brought  near  the  eye ;  for 
then  the  rays  diverge  from  each  other  at  a  greater  angle  than 
when  the  object  is  at  a  moderate  distance ;  and  those  which  iali 
upon  difierent  parts  of  the  lens  would  not  be  all  brought  to  the 
same  focus.  This  error  \a  corrected  by  the  contraction  of  the 
pupil,  which  takes  place  inroluntarily  when  we  bring  an  object 
near  the  eye,  and  thus  cuts  off  the  rays  that  would  otherwise 
render  the  picture  indistinct. 
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548.  But  there  is  another  imperfection  to  which  ordinary 
optical  inBtruments  are  liable,  that  is  completely  corrected  in  the 
eye.  If  we  look  through  a  common  Microscope,  especially  when 
a  high  power  is  employed,  by  the  light  of  a  lamp  or  candle,  we 
see  that  the  edges  of  the  image  are  bordered  by  coloured  fringes, 
which  very  much  impair  its  distinctness,  and  prevent  it  from 
being  seen  in  its  true  aspect.  This  is  the  result  of  what  is 
termed  chromatic  aberration  ;  and  it  results  from  the  fact,  that 
the  rays  of  different  colours,  which  are  all  blended  in  ordinary 
colourless  light,  are  refracted  by  the  same  lens  in  different  degrees, 
80  as  to  be  brought  to  a  focus  at  different  points.  Thus  we  will 
suppose  that  the  lens  i«  l  (Fig.  200)  has  been  corrected  for 
spherical  aberration ;  and  that  r  l,  r  l,  are  violet  rays  falling 
upon  it,  whilst  r'  \j\  k'  l',  are  red  rays.  The  former  are 
capable  of  being  refracted  in  a  much  higher  degree  than  the  lat- 
ter ;  so  that  they  are  brought  to  a  focus  at  /,  whilst  the  others 
do  not  meet  until  f.  Hence  if  a  screen  be  placed  to  receive  the 
image  at/,  the  picture  will  be  formed  by  the  violet  rays  only  ; 
and  it  will  be  surrounded  by  red  fringes,  occasioned  by  the  red 
rays  which  are  passing  on  to  their  focus  at  f.  On  the  other 
hand,  if  the  screen  be  placed  at  F,  the  picture  will  be  chiefly 
formed  by  the  red  rays  ;  and  will  be  surrounded  by  violet  fringes, 
produced  by  the  violet  rays,  which,  having  met  in/,  have  crossed 
and  passed  on  to  o  and  h.  Now  as  from  each  point  of  almost 
every  object,  proceed  rays  in  which  the  differently- coloured  rays 
are  blended,  the  refraction  of  an  ordinary  lens  produces  a  separa- 
tion of  these,  and  a  consequent  indistinctness  and  false  colouring 
in  the  picture.  This  is  particularly  the  case  with  regard  to  the 
rays  that  pass  through  the  outer  portion  of  the  lens  ;  for,  as  these 
are  subject  to  greater  change  in  their  direction  than  are  those 
which  pass  through  its  centre,  the  separation  of  the  differently- 
coloured  rays  of  which  they  are  composed  is  more  considerable. 

549.  In  practice,  this  error  is  got  over,  like  the  preceding, 
by  very  much  contracting  the  aperture  of  the  lens ;  so  that  only 
the  central  rays,  in  which  the  colours  are  but  little  separated, 
are  allowed  to  pass.  But  it  may  be  perfectly  corrected  by 
combining  lenses  formed  out  of  different  materials,  which  possess 
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a  different  refracting  power ;  the  errors  of  these  being  made  to 
counterbalance  one  another.  Such  lenses,  which  are  termed 
achronuUie^  are  now  employed  in  all  superior  Telescopes  and 
Microscopes ;  and  a  most  perfect  combination  exists  in  the  Eye, 
the  different  density  of  whose  humours  is  adapted  in  such  a 
manner  as  completely  to  answer  this  purpose.  The  contrwtion 
of  the  pupil,  which  takes  place  when  we  look  at  a  very  neir 
object,  prevents  the  only  imperfection  which  could  occur;  and 
thus  the  picture  on  the  retina,  in  a  healthy  eye,  is  always 
rendered  free  from  false  colours.  It  is  said  that  the  first  idea  of 
uniting  glasses  of  different  kinds,  so  as  to  produce  an  achromatic 
lens,  was  taken  from  the  Eye;  and  this  is  not  at  all  improbable. 
In  this,  as  in  many  other  instances,  Nature  has  served  as  a  guide 
to  Art ;  or,  in  other  words,  the  Divine  Artificer  has  thus  con- 
descended to  teach  the  human  workman. 

« 

550.  There  is  another  wonderful  arrangement  in  the  healthy 
Eye,  which  the  optician  can  only  imitate  in  his  instmmenta,  in  a 
very  bungling  manner.  It  is  that  by  which  the  eye  adapts  itself 
to  view  objects  at  different  distances  from  it,  with  equal  distinct- 
ness. If  we  look  at  a  near  object  with  a  Telescope,  adjusting  the 
instrument  so  as  to  see  it  distinctly,  and  then  turn  it  towards  a 
remote  object,  we  shall  not  see  the  latter  with  equal  cleaniesB, 
until  the  instrument  has  been  again  adjusted.  If  we  tlien  tniv 
it  back  to  the  nearer  object,  we  shall  find  that  the  change  in  the 
adjustment  occasions  the  representation  of  it  to  be  now  indis- 
tinct; and  in  order  to  bring  back  the  image  to  its  former  clear- 
ness, it  is  requisite  to  re-adjust  the  instrument  to  its  first  condi- 
tion. This  is  a  necessary  consequence  of  the  optical  law,  that 
the  distance  of  the  image  from  the  lens  which  forms  it,  varies  with 
that  of  the  object, — being  increased  as  the  object  is  brought 
nearer,  and  diminished  as  it  recedes.  If  the  Eye  were  con- 
structed in  the  same  manner,  we  should  not  be  able  to  see  dis- 
tinctly, without  the  aid  of  artificial  assistance,  at  any  other 
distance  than  that  for  which  it  is  adjusted.  Hence  if  a  pofeet 
picture  of  an  object  situated  at  12  inches  distance  from  the  eye, 
were  formed  upon  the  retina,  we  should  not  be  able  to  see  it 
clearly  when  brought  to  the  distance  of  6  inches,  nor  when 
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removed  to  the  distance  of  six  feet ;  because,  in  the  first  of  these 
cases,  the  nys  would  not  be  brought  to  a  focus  upon  the  retina, 
but  at  a  point  behind  it  (if  they  were  allowed  to  pass  on  un- 
checked) ;  whilst  in  the  second,  they  would  be  brought  to  a 
focus  at  a  point  nearer  than  the  retina,  and  would  consequently 
begin  to  separate  again  before  they  reach  it. 

55 1 .  But  the  healthy  eye  possesses  a  power  of  perfect  adjust- 
ment to  the  viewing  of  objects  situated  at  di£ferent  distances ; 
and  this  without  any  effort  or  intention  on  our  parts,  but,  as  it 
were,  by  an  instinctive  operation.  Of  the  mode  in  which  this 
adjustment  is  accomplished,  nothing  certain  is  yet  known ;  but 
it  is  probable  that  either  the  position  or  the  form  of  the  crystal- 
line lens  undergoes  a  change ;  by  which  either  its  distance  from 
the  retina,  or  its  refracting  power,  is  increased  when  the  object 
is  brought  near,  and  diminished  when  it  is  carried  to  a  greater 
distance :  so  that,  under  all  circumstances,  the  picture  is  formed 
distinctly  upon  the  retina,  and  vision  is  consequently  clear.  That 
such  a  change  really  takes  place,  we  may  readily  convince  our- 
selves, by  looking  at  a  near  and  a  distant  object  placed  in  the  same 
line, — a  pencil-case,  for  instance,  held  up  at  a  few  inches  from 
the  eye,  and  a  chimney  half  a  mile  off.  We  shall  find  that  no 
effort  of  attention  will  enable  us  to  see  them  both  distinctly 
at  the  same  time ;  but  that,  on  whichever  of  the  two  objects 
we  Bx  our  eyes,  we  shall  see  it  clearly,  whilst  the  other  becomes 
indistinct. 

552.  In  advanced  life,  however,  the  convexity  of  the  cornea, 
and  the  refracting  power  of  the  humours  diminish ;  and  the  eye 
can  no  longer  accommodate  itself  to  near  objects,  their  rays  not 
being  brought  to  a  focus  by  the  time  that  they  reach  the  retina. 
But  as  it  is  still  able  to  see  distant  objects  clearly,  it  is  said  to 
be  long-tighted.  By  the  use  of  a  convex  glass,  however,  adapted 
to  supply  that  additional  amount  of  refraction  which  is  required, 
near  objects  may  be  distinctly  seen. — A  contrary  state  of  the 
eye  not  unfiequently  exists,  in  which  the  cornea  is  too  convex, 
and  the  refracting  power  of  the  humours  is  too  high ;  from  which 
it  happens  that  the  rays  proceeding  from  distant  objects  are 
brought  to  a  focus  too  soon,  so  as  to  cross  each  other  before  they 
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reach  the  retina.  But  as  such  an  eye  can  form  a  yery  distmct 
picture  of  a  near  object,  it  is  said  to  be  near-tighled.  Tliia 
imperfection  is  remedied  by  interposing  a  ooncave  lens  between 
the  object  and  the  eye ;  by  which  its  wfiracting  power  is  dimi- 
nished to  the  necessary  degree. 

553.     In  the  choice  of  spectacles,  or  eye-glasses  for  theae  pur- 
poses, particular  care  eh^ald  be  taken,  that  they  are  not  too 
powerful ;  since  great  mischief  is  frequently  done  to  the  eye,  by 
the  employment  of  lenses  of  too  great  a  curvature.     A  penoa 
who  in  youth  and  middle  age  has  enjoyed  good  sight,  very  com- 
monly  finds  it  necessary  to  employ  spectacles  for  assistance  in 
reading  and  writing,  as  his  age  advances  towards  50  yein; 
and   he  should  be   very  cautious,   when   first  availing  him- 
self of  their  assistance,  to  employ  those  of  the  longest  focus.    As 
his  age  advances,  it  will  be  necessary  to  substitute  more  power- 
ful lenses  for  these ;  but  this  should  be  done  very  gradually ; 
and  in  no  instance  should  a  glass  be  employed  that  produces  any 
apparent  enlargement  in  the  object,  its  proper  use  being  only  to 
render  the  object  distinct.   The  evil  influence  of  using  spectacia 
of  too  high  a  power,  soon  manifests  itself  in  the  strained  feeling 
which  the  eyes  experience  for  some  time ;  but  this  feeling  at 
last  subsides,  in  consequence  of  the  eye  having  adapted  itself  to 
the  glasses,  and  thus  undergone  a  change  which  it  might  other- 
wise have  taken  years  to  produce.     In  this  manner  the  eyes  of 
a  person  at  60  may  be  brought  to  the  state,  which,  under  more 
careful  management,  might  have  been  deferred  ten  or  fifteen 
years  longer. — Similar  remarks  apply  to  the  use  of  concave  lenses 
by  short-sighted  persons.     They  should  never  be  employed  of  a 
higher  power,  than  is  requisite  to  see  objects  with  distinctness, 
when  at  a  moderate  distance ;  and  on  no  account  should  any 
glasses  be  need,  that  diminish  their  apparent  size.     As  age  ad- 
vances, the  eyes  of  short-sighted  persons  usually  become  man 
flattened  ;  and  they  are  then  able  to  adapt  themselves  to  objects 
at  a  variety  of  distances.     Persons  who  have  been  short-sighted 
when  young,  are  not  unfrequently  able  to  see  distinctly  at  aa 
advanced  age,  without  the  assistance  of  convex  glasses. 

554.     Some  interesting  observations  on  the  limits  of  vision, 
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in  regard  to  the  minuteness  of  the  size  of  the  particles  which  can 
be  distinguished  with  the  naked  eye,  have  been  made  hj  the 
Prussian  naturalist,  Ehrenberg,  to  whose  microscopical  inqui- 
ries we  are  indebted  for  a  large  part  of  our  present  knowledge 
of  the  structure  and  habits  of  Animalcules.  The  smallest  par- 
ticle of  a  white  substance  distinguishable  by  the  naked  eye  upoh 
a  black  ground,  or  of  a  black  substance  upon  a  white  ground,  is 
about  the  1 -400th  of  an  inch  square.  It  is  possible,  by  the 
closest  attention,  and  by  the  most  favourable  direction  of  the 
light,  to  recognise  particles  that  are  only  l-540th  of  an  inch 
square ;  but  without  sharpness  or  certainty.  But  particles 
which  strongly  reflect  light  may  be  distinctly  seen,  when  not 
half  the  size  of  the  least  of  the  foregoing  ;  thus,  gold-dust  of  the 
fineness  of  1-1 125th  of  an  inch  may  be  discerned  with  the  naked 
eye  in  common  daylight.  When  particles  that  cannot  be  dis- 
tinguished by  themselves  with  the  naked  eye,  are  placed  in  a 
row,  they  become  vidble ;  and  hence  the  delicacy  of  vision  is 
greater  for  lines  than  for  single  particles.  Thus,  opaque  threads 
of  no  more  than  1 -4900th  of  an  inch  across,— or  about  half  the 
diameter  of  the  silkworm^s  fibre,  may  be  discerned  with  the  naked 
eye,  when  they  are  held  towards  the  light. 

555.  The  degree  in  which  the  attention  is  directed  to  them, 
has  a  great  influence  on  the  readiness  with  which  very  minute 
or  distant  objects  can  be  perceived ;  and  there  is  a  much  greater 
variation  in  this  respect  amongst  different  individuals,  than  there 
is  in  regard  to  the  absolute  limits  of  vision.  Many  persons  can 
distinctly  see  such  objects,  when  their  situation  is  exactly  pointed 
out  to  them,  who  cannot  otherwise  distinguish  them.  There 
must  be  few  who  have  not  experienced  this,  in  regard  to  a  bal- 
loon or  a  faint  star,  in  a  clear  sky,  or  a  ship  in  the  horizon ; 
we  easily  see  them  after  they  have  been  pointed  out  to  us  ;  but 
we  withdraw  our  eyes  for  a  few  minutes,  and  then  search  in 
vain  for  them,  until  they  are  again  pointed  out  to  us  by  some 
one  who  has  been  watching  in  the  interval.  The  faculty  of 
rapidly  descrying  such  objects,  depends  upon  the  habit  of  using 
the  eyes  in  search  of  them  ;  thus  a  seaman  will  distinguish  land, 
when  to  the  landsman  there  is  no  appearance  more  distinct  than 
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that  of  ft  faiDt  dond  oo  the  horizoD,  with  (to  him)  no  definite 
ootline ;  or  he  will  recognise  the  comrBe  snd  rig  of  a  distant 
ship,  which,  to  the  landsman  appears  bnt  as  a  white  speck  on 
the  ocean :  yet  the  huidsman,  placed  before  a  piece  of  delicate 
machinay,  might  be  able  to  astonish  the  seaman,  by  distiogoish- 
ing  the  forms  and  moTements  of  minnte  parts,  which  to  the 
latter  appear  only  as  a  confosed  mass. 

556.  The  pictare  formed  npon  the  retina,  closely  resembles 
that  which  we  see  in  a  camera  obscura.  It  represents  the  out- 
lines, colours,  lights  and  shades,  and  reladve  pomtions,  of  the 
objects  before  us ;  bnt  these  do  not  necessarily  convey  to  the 
mind  the  knowledge  of  their  real  forms,  characters,  or  distances. 
It  would  appear,  firom  the  actions  of  the  lower  animals,  that 
many  of  them  have  the  power  of  iniuiUpely  or  imtiRetively 
determining  the  latter  from  the  former,  firom  the  moment  when 
they  come  into  the  world ;  thus  a  Fly-catcher  just  come  out  of 
^^  ^g)  has  been  seen  to  make  a  successful  stroke  with  its  bill, 
at  an  insect  which  was  near  it.  If  it  were  not  so,  those  animals, 
which  are  thrown  firom  the  first  upon  their  own  resources,  mnst 
perish  almost  inevitably ;  being  starved  by  want  of  food,  during 
the  time  required  for  them  to  learn  how  to  obtain  it.  But  this 
is  well  known  not  to  be  the  case  in  regard  to  Man.  The  infant 
is  educating  his  senses^  long  before  any  indications  of  mind  pre- 
sent themselves.  By  the  combination,  especially,  of  the  sensa- 
tions of  sight  and  touch,  he  is  learning  to  judge  of  the  nature  of 
the  surfaces  of  objects,  as  theyyM,  by  the  oppeartmeB  they  pre- 
sent,— ^to  form  an  idea  of  their  distance  by  the  mode  in  which 
his  eyes  are  directed  towards  them  (§.  5^), — and  to  estimate 
their  size,  by  combining  the  notions  obtained  through  the  pic- 
ture on  the  retina,  vrith  those  he  acquires  by  the  movement  of 
his  hands  over  their  difierent  parts.  A  simple  illustration  will 
show,  how  closely  the  ideas  excited  by  the  two  sets  of  sensations 
are  blended  in  our  minds.  The  idea  of  smoothness  is  one  which 
has  reference  to  the  touch  ;  and  yet  it  constantly  occurs  to  ns 
on  looking  at  a  surface  which  reflects  light  in  a  particular 
manner.  On  the  other  hand,  the  idea  of  polish  is  essentially 
visual,  having  reference  to  the  reflection  of  light  from  the  surlMe 
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of  tbe  object ;  and  yet  it  would  occnr  to  us  from  the  sensation 
conveyed  through  the  touch,  even  in  the  dark. 

557.  That  this  combination  is  not  formed  intuitively  in  Man, 
but  is  the  result  of  experience,  is  particularly  evident  from  cases, 
in  which  the  sense  of  sight  has  been  wanting  during  the  first 
years  of  life,  and  has  then  been  obtained  by  an  operation. 
Several  such  cases  are  now  on  record.  The  earliest,  which  still 
remains  the  most  interesting,  is  one  recorded  by  Cheselden,  a 
celebrated  surgeon  at  the  beginning  of  the  last  century.  Tlie 
youth  (about  12  years  of  age),  for  some  time  after  tolerably  dis- 
tinct vision  had  been  obtained,  saw  everything  Jlat^  as  in  a 
picture;  the  impression  made  upon  his  retina  being  simply 
transferred  to  his  mind :  and  it  was  some  time  before  he  acquired 
the  power  of  judging,  by  his  sight,  of  the  real  forms,  characters, 
and  distances  of  objects  around  him.  Thus,  among  other  inter- 
esting circumstances,  it  is  mentioned,  that  he  was  well  acquainted 
with  a  Dog  and  a  Cat  by  fedinff^  but  could  not  remember  their 
respective  characters  when  he  9aw  them ;  one  day,  when  thus 
puzzled,  he  took  up  the  Cat  in  his  arms  and  felt  her  attentively, 
at  tlie  same  time  looking  steadfastly  at  her,  so  as  to  associate  the 
two  sets  of  ideas ;  and  then,  setting  her  down,  said,  '*  So,  puss, 
I  shall  know  you  another  time."  A  similar  instance  has  come 
under  the  Authors  own  knowledge;  but  the  subject  of  it  was 
scarcely  old  enough  to  present  facts  of  so  striking  a  character. 
One  curious  circumstance,  however,  may  be  mentioned,  as  fully 
bearing  out  the  view  here  given.  The  lad  had  been  accustomed 
to  find  his  way  readily  about  his  father's  house,  by  the  use  of  his 
hands ;  and  for  some  time  after  his  sight  was  tolerably  clear,  he 
continued  to  do  the  same,  being  evidently  puzzled,  rather  than 
assisted,  by  the  impressions  conveyed  through  his  new  sense  ;  but, 
when  learning  a  new  locality,  he  employed  his  sight,  and  evidently 
perceived  the  increase  of  facility  which  he  derived  from  it.  Hence 
we  can  have  little  hesitation  in  deciding  upon  the  question,  which 
has  perplexed  many  able  reasoners,  whether  a  person  bom  blind, 
who  was  able  by  the  sense  of  touch  to  distinguish  a  cube  from  a 
sphere,  would,  on  suddenly  obtaining  his  sight,  be  able  to  dis- 
tinguish them  by  the  latter  sense.     Tliis  question  was  answered 
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in  the  negativ0^  by  the  celebrated  mental  philosopher,  Locke,  and 
with  perfect  justice. 

558.  We  shall  now  inquire  into  the  mode  in  which  we  form 
our  notions  of  the  nature,  sizes,  distances,  &c.,  of  external  objecte, 
from  their  pictures  impressed  upon  our  retina.     The  first  question 
is  one  on  which  a  vast  amount  of  discussion  has  taken  place, 
with  very  little  satisfactory  result.     It  is, — why  are  the  objects 
which  we  see,  represented  to  our  minds  in  their  true  erect  posi- 
tioo, — their  images  upon  the  retina  being  inverted  ?    Various 
replies  to  this  question  have  been  proposed  at  different  times; 
and  amongst  others,  it  has  been  actually  assumed,  that  the  Infant 
really  does  see  objects  inverted,  and  that  his  idea  is  only  corrected 
by  experience.     The  cases  alluded  to  in  the  last  paragraph,  how- 
ever, satisfactorily  prove  this  assumption  to  be  incorrect ;  since, 
although  the  individuals  saw  everything  upon  the  same  plane,  as 
in  a  picture,  the  representation  was  erect  from  the  first.    Tlie 
various  other  solutions  that  have  been  proposed,  althongh  at  first 
sight  appearing  to  possess  more  or  less  truth,  are  all  open  to 
objection ;  and  we  are  obliged,  therefore,  to  have  recourse  to  the 
doctrine  of  instinct  or  intuition  (§.  476),  as  the  real  explanation. 
When  it  is  remembered  how  much  knowledge  the  lower  animals 
evidently  derive,  without  any  experience,  from  the  visual  repre- 
sentation which  their  eyes  produce,  it  is  not  difficult  to  imagine 
that  a  small  part, — ^that,  too,  which  is  most  necessary  for  obtuniag 
all  the  rest, — is  intuitive  in  Man. 

559.  The  same  may  be  said  of  the  cause  of  single  vision  (that 
is,  of  our  seeing  but  one  object)  although  the  picture  is  doMe^ 
being  formed  upon  both  retinaa.  In  animals  which,  like  Man, 
look  straight  forwards,  the  field  of  vision  of  the  two  eyes  is 
nearly  the  same ;  so  that  most  of  the  objects  seen  with  one  eye 
will  be  seen  with  the  other  also.  The  objects  at  the  right  and 
left  sides  of  the  field  of  vision,  however,  are  seen  with  the  right 
and  left  eyes  singly;  yet  we  perceive  no  difference  in  the  aspect 
of  these,  from  that  of  the  objects  towards  which  both  our  eyes 
are  directed.  It  is  evident,  then,  that  the  pictores  formed  on 
the  two  retinae  are  blended,  as  it  were,  by  the  mind,  into  a 
single  perception.     This  seems  to  be,  in  part  at  least,  the  effect 
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of  babit.  When  the  images  do  not  fall  upon  parts  of  the  two 
retinsQ  which  are  accustomed  to  act  together,  double  vinon  is  the 
result.  Thus  if,  when  looking  steadily  at  an  object,  we  press 
one  of  the  eyeballs  sideways  with  the  finger,  the  object  is  seen 
double.  In  the  same  manner,  if  an  affection  of  the  nerves  or 
muscles  of  one  eye  (which  may  come  on  suddenly),  prevents  it 
from  being  directed  to  the  same  point  with  its  fellow,  double 
vision  of  all  objects  is  the  result.  This  is  a  not  unfrequent 
symptom  of  disorder  within  the  brain.  If  it  continue,  however, 
the  individual  becomes  accustomed  to  the  double  images,  or 
rather  ceases  to  perceive  that  they  are  double ;  probably  because 
the  mind  becomes  habituated  to  receive  the  impressions  from 
the  two  parts  of  the  retinee,  which  now  act  together.  For  if, 
after  the  double  vision  has  passed  away,  the  conformity  of  the 
two  eyes  is  restored,  as  by  the  operation  for  the  euro  of  squint- 
ing, there  is  double  vision  for  some  little  time,  although  the  two 
parts  of  the  retina,  which  originally  acted  together,  are.  now 
brought  to  do  so  again. 

560.  That  the  combination  of  the  two  images  must  be 
effected  by  an  operation  of  the  mind,  is  evident  from  another 
eircumstance.  It  is  easy  to  show,  that  no  near  object  is  seen 
by  the  two  eyes  in  exactly  the  same  manner.  Thus,  let  the 
reader  hold  up  a  thin  book,  in  such  a  manner  that  its  back  shall 
be  exactly  in  front  of  his  nose,  and  at  a  moderate  distance  from 
it ;  he  will  observe,  by  closing  first  one  eye  and  then  the  other, 
ibat  his  view  of  it  is  very  different,  according  to  the  eye  with 
which  he  sees  it.  With  the  right  eye  he  will  see  its  back  and 
right  side— the  latter  very  much  foreshortened,  but  none  of  the 
left  side ;  whilst  with  the  left  eye  he  will  see  its  back  and  left 
side — the  latter  also  foreshortened,  but  none  of  the  right  side. 
Hence,  if  he  were  to  draw  a  perspective  view  of  the  object,  as 
seen  by  each  eye,  the  two  delineations  would  be  very  different. 
Bnt,  on  looking  at  the  object  with  the  two  eyes  conjointly,  there 
is  no  confusion  between  these  pictures ;  nor  does  the  mind  dwell 
upon  either  of  them  singly ;  but  the  union  of  the  two  intuitively 
gives  us  the  idea  of  a  solid  projecting  body — such  an  idea  as  we 
could  have  only  acquired  otherwise,  by  the  exercise  of  the  sense 
of  touch. 
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561.  That  this  is  really  the  case,  has  been  proved  bj  expe- 
riments with  a  very  ingenious  instrument  (invented  by  Professor 
Wheatstone),  termed  the  Stereoscope.  It  conasts  of  two  plane 
mirrors,  inclined  with  their  backs  to  one  another  at  an  angle  of 
90<',  the  point  of  meeting  being  opposite  to  the  middle  of  the 
forehead.  Now  if  two  drawings  of  any  solid  object,  representing 
the  different  perspective  views  of  it  seen  by  the  two  eyes,  be 
placed  before  these  mirrors,  in  such  a  manner  that  tbeir  images 
shall  be  reflected  to  the  two  eyes  respectively,  and  sball  fall  on 
corresponding  parts  of  the  two  retin»,  in  the  same  manner  as 
the  two  images  formed  by  the  solid  object  itself  would  have  done, 
so  that  their  apparent  places  are  the  same, — ^the  mind  will  per- 
ceive, not  one  or  other  of  the  single  representations  of  the  object, 
nor  a  confused  union  of  the  two,  but  a  body  projecting  tn  rditf^ 
the  exact  counterpart  of  that  from  which  the  dravnngs  were 
made.  But  if  two  dissimilar  objects  be  thus  presented  to  the 
two  eyes,  the  mind  perceives  only  one  of  them,  the  other  being 
completely  excluded  for  a  time ;  but  it  commonly  happens  that, 
after  one  has  been  thus  seen,  the  other  begins  to  attract  atten- 
tion, and  takes  its  place,  without  creating  any  confusion  or 
intermingling  of  images,  except  at  the  moment  of  change.  The 
power  of  the  will  may  to  a  certain  extent  determine  which  object 
shall  be  seen ;  but  not  entirely ;  for  if  one  picture  be  more  illumi- 
nated than  the  other,  it  will  be  seen  during  a  larger  proportion 
of  the  time. — Some  interesting  experiments  of  this  kind  may  be 
performed  without  the  aid  of  mirrors ;  by  simply  placing  the 
two  pictures  before  the  two  eyes,  and  looking  at  each  separately, 
by  holding  a  piece  of  pasteboard  or  a  thin  book,  with  one  edge 
upon  the  nose  and  forehead,  and  the  other  directed  forwards,  so 
as  completely  to  separate  the  fields  of  view  of  the  two  eyes. 
By  a  slight  efibrt,  the  apparent  places  of  the  two  pictures  may 
be  made  to  coincide,  so  that  one  shall  be  made  to  cover  the 
other,  as  when  the  Stereoscope  is  used ;  and  the  mental  percep- 
tion which  results  from  the  combination  of  the  two  images  will 
be  of  the  same  kind  as  in  the  former  case.  There  is  a  diffi- 
culty, however,  in  keeping  the  images  in  correspondence  with 
one  another,  which  renders  the  use  of  the  Stereoscope  much 

■^ferable. 
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562.  It  18,  then,  hj  the  combination  which  is  effected  through 
a  mental  process  of  an  instinctive^kind,  that  the  different  pictures 
formed  on  the  two  retinie  are  made  to  blend  into  one  representa- 
tion, which  gives  the  idea  of  projection.  We  do  not  form  this 
idea,  except  from  reasoning  and  experience,  when  we  look  at  a 
distant  object ;  because  the  two  pictures  are  then  almost  precisely 
the  same;  and  hence  it  is  impossible  (without  moving  the  head) 
to  distinguifih  with  certainty  between  a  well-painted  picture,  in 
which  the  proportions,  lights  and  shades,  &c.,  are  well  preserved, 
and  the  objects  it  is  intended  to  represent,  if  we  are  prevented 
from  knowing  that  it  if  a  picture.  Some  admirable  illusions  of 
this  kind  have  been  effected  in  the  Diorama.  But  a  slight 
movement  of  the  head  suffices  to  dispel  the  illusion ;  since  by  this 
movement  a  great  change  would  be  effected  in  the  perspective 
view  of  an  object, — a  little  of  the  side  of  a  projecting  buttress 
or  column  being  seen,  for  instance,  where  only  the  front  was 
perceived  before, — whilst  the  image  formed  by  a  picture  is  but 
slightly  affected. 

563.  Our  idea  of  the  distance  of  objects  is  evidently  acquired 
by  experience.  An  infant,  when  a  bright  object  is  held  before 
its  eyes,  attempts  to  grasp  it  with  its  little  hands ;  but  obviously 
with  no  certain  idea  of  its  situation.  The  same  is  observed  in 
persons,  who  have  but  recently  acquired  sight.  Here,  then,  the 
impressions  made  upon  the  eyes  have  to  be  corrected  by  those 
received  through  the  touch,  before  the  power  of  judging  of  dis- 
tances  is  acquired.  But  when  it  is  once  acquired,  we  can  accu- 
rately estimate  the  relative  distances  of  near  objects,  without  using 
our  hands.  This  we  do  chiefly,  by  the  interpretation  which  we 
baTe  learned  to  make,  of  the  sensations  which  are  occasioned  in 
the  muscles  of  the  eyes,  by  their  various  actions.  When  we  fix 
both  our  eyes  upon  a  distant  object,  their  axes  (lines  drawn 
through  the  centre  of  each  cornea  and  pupil,  backwards  through 
the  centre  of  each  sphere,)  are  nearly  parallel  to  each  other.  But 
when  we  durect  them  to  a  near  object,  the  axes  of  the  eyes  meet 
in  the  point  at  which  we  are  looking.  This  is  very  easily  seen, 
by  watching  the  eyes  of  another  person,  when  fixed  upon  an 
object,  first  held  at  arm's  length,  and  then  brought  nearer  and 
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nearer  to  the  middle  point  between  the  eyes ;  the  two  cornea 
are  at  first  directed  nearly  straightforwards ;  but  they  gradually 
turn  inwards,  as  the  object  is  brought  nearer,  and  at  last  a  Terj 
decided  inward  squint  is  produced,  which  disappears  as  soon  as 
the  object  is  removed.  Thus,  for  objects  within  a  moderate  dii- 
tancoy  the  degree  of  conyergenoe  of  the  axes  of  the  eyes,  and  the 
muscular  sensations  thereby  produced,  afibrd  us  sufficient  means 
of  judgment. 

564.  We  peroeiye  this  in  another,  as  well  as  in  ourselves ; 
for  by  observing  his  eyes,  we  can  judge,  not  only  of  the  direc- 
tion, but  of  the  distance,  of  the  object  he  is  looking  at.  Thus 
when  a  person,  A.,  sees  a  friend,  B.,  looking  towards  him,  he  can 
at  once  tell,  by  the  appearance  of  B.'s  eyes,  whether  he  is  looking 
at  Aim,  or  at  an  object  nearer  or  more  remote;  or  whether, 
being  in  a  contemplative  mood,  his  ejres  are  fixed  upon  no  defi- 
nite object,  but  are  looking  into  space.  In  the  latter  case,  as  in 
the  case  of  blind  persons  in  whose  eyes  there  is  no  other  indica- 
tion of  loss  of  sight,  the  peculiar  vacant  expression  is  dne  to  the 
want  of  any  convergence  between  the  axes  of  the  eyes,  such  as 
would  indicate  that  they  are  fixed  upon  an  object.  Tlie  assist- 
ance which  the  joint  use  of  both  eyes  affords  in  the  estimation  of 
distance,  is  evident  from  the  fact,  that,  if  we  close  one  eye,  we 
are  unable  to  execute  with  certainty  many  actions,  which  require 
a  precise  appreciation  of  the  distance  of  near  objects, — sndi  as 
threading  a  needle,  or  snuffing  a  candle.  Instances  are  not  nn- 
frequent,  in  which  persons  have  experienced  this  difficulty,  before 
they  were  aware  that  they  had  lost  the  sight  of  one  of  their 
eyes. 

565.  In  regard  to  distant  objects,  our  judgment  is  chiefly 
founded  upon  their  apparent  size,  if  their  actual  size  be  known  to 
us  ;  and  also  upon  the  extent  of  ground,  which  we  see  to  inter- 
vene between  ourselves  and  the  object.  But  if  we  do  not  know 
their  actual  size,  and  are  so  situated  that  we  cannot  estimate  the 
intervening  space,  we  principally  form  our  judgment  finom  the 
greater  or  less  distinctness  of  their  colour  and  outline.  Hence, 
this  estimate  is  liable  to  be  very  much  affiicted  by  var3ring  states 
of  the  atmosphere  ;  a  distant  ridge  of  hills,  for  example,  some- 
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times  appearing  to  be  more  remote,  at  other  times  to  be  compa- 
ratively near,  according  as  the  air  is  hazy  or  peculiarly  clear. 

566.  Oar  notion  of  the  size  of  an  object  is  closely  connected 
with  that  of  its  distance.  It  \9  founded  on  the  dimensions  of  the 
picture,  which  is  formed  by  the  object  upon  the  retina ;  but  it  is 
corrected  by  the  known  or  supposed  distance  of  the  object  itself. 
Thus,  I  hold  up  a  book  at  a  certain  distance  from  my  eye,  and 
it  coYers  the  whole  of  the  opposite  window  ;  the  apparent  size 
of  the  picture  of  both  is  just  the  same,  therefore  ;  but  knowing 
that  the  book  is  much  nearer  than  the  window,  I  infer  that  it  is 
much  smaller.  Where  we  kriow  their  respective  distances,  the 
estimation  of  their  real  sizes  is  very  easy  ;  but  this  is  not  the 
case,  when  we  only  guess  at  their  distances.  Hence  our  esti- 
mate of  the  size  of  objects,  even  moderately  distant,  is  much 
influenced  by  states  of  the  atmosphere.  Thus,  if  we  walk  across 
a  common  in  a  fog,  a  child  approaching  us  appears  to  have  the 
size  of  a  man,  and  a  man  seems  like  a  giant ;  for  the  indistinct- 
ness of  the  outline  excites  in  the  mipd  the  idea  of  distance  ;  and 
the  same  picture,  supposed  to  be  that  of  a  more  remote  object, 
will  give  rise  to  the  idea  of  greater  size.  The  want  of  innate 
power  in  Man  to  form  a  true  conception  of  either  size  or  distance, 
is  well  shown  by  the  effect  produced  on  the  mind  unprepared  for 
sucb  illusions,  by  a  skilfully-painted  picture,  the  view  of  which 
is  so  contrived,  that  its  distance  from  the  eye  cannot  be  estimated 
in  the  ordinary  manner ;  the  objects  it  represents  are  invested 
by  the  mind  with  their  real  sizes  and  respective  distances,  as  if 
their  real  images  were  formed  upon  the  retina.  This  illusion 
has  been  extremely  complete,  in  some  of  those  who  have  seen 
the  panoramic  view  of  London  in  the  Colosseum.  A  lively  and 
interesting  account  of  it  is  given  in  the  Journal  of  the  Parsee 
Shipbuilders  (firom  Madras)  who  visited  England  a  few  years 
since. 

567.  When  a  number  of  luminous  impressions  are  made 
upon  the  retina  at  short  intervals,  they  become  blended  into  one, 
— the  intervals  being  undistinguishable.  Thus,  when  we  rapidly 
move  the  end  of  a  lighted  stick  in  a  straight  line  or  circle,  the 
impression  produced  is  that  of  a  band  or  ring  of  light ;  for  the 
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impression  made  by  the  light,  as  it  passes  each  point,  remainfl 
for  some  time  subsequently.  If  the  stick  be  whirled  round  with 
sufficient  rapidity,  for  it  to  reach  any  point  a  second  time,  before 
the  impression  made  by  its  previous  passage  has  departed,  an 
unbroken  circle  of  light  is  produced.  By  experiments  made  in 
this  manner,  we  may  determine  the  longest  interral  during 
which  impressions  remain  on  the  sensorium ;  for  if  we  find 
that  a  hot  coal,  whirling  round  at  the  rate  of  six  times  in  a 
second,  produces  a  continued  circle  of  light,— ^but  that  the  dnle 
is  broken,  when  it  turns  round  only  five  times  in  a  second,— we 
know  that  the  length  of  the  impression  is  l-6th  of  a  second.  By 
experiments  of  this  kind,  it  has  been  found,  that  the  duration 
varies  in  different  individuals,  and  in  the  same  individual  at  dif- 
ferent times,  from  l>4th  to  1-lOth  of  a  second.  On  tliis  prin- 
ciple, several  very  ingenious  toys  have  been  constmcted,  in 
which  two  or  more  images  are  combined,  by  the  rapid  revolution 
of  a  wheel  on  which  they  are  painted. 

56S.  The  impressions  of  variety  of  colour  are  produced  by 
the  different  rajrs,  which  objects  reflect  to  the  eye ;  according  to 
the  principles  that  will  be  described  in  the  Treatise  on  Optics. 
Some  persons,  whose  sight  is  perfectly  good  for  forms,  distances, 
&c.,  are  unable  to  discriminate  colours.  This  is  particularly 
noticed  in  regard  to  the  complementary*  colours,  especially  red 
and  green ;  so  that  such  persons  are  not  able  to  distinguish  ripe 
cherries  amongst  the  leaves  of  the  tree,  except  by  their  form. 

569.  Wlien  the  retina  has  been  exposed  for  some  time  to  a 
strong  impression  of  some  particular  kind,  it  seems  less  suscep- 
tible of  feebler  impressions  of  the  same  kind ;  just  as  the  ear, 
when  it  has  been  exposed  to  a  series  of  very  loud  sounds  (as  the 
discharge  of  cannon  in  a  naval  engagement),  is  for  some  time 
deaf  to  fainter  ones.  Hence  several  curious  visual  phenomena 
result.     If  we  look  at  any  brightly  luminous  object,  and  then 

*  White  or  colourless  light  is  spoken  of  as  composed  of  three  primarr  co1oitis« 
red,  blue,  and  yellow.  By  the  complementary  colour  is  meant  that  wbkb  wwM 
he  required  to  make  white  light,  when  mixed  with  the  original.  Thus,  nd  is  the 
complement  of  green  (which  is  composed  of  yellow  and  blue)  ;  blue  is  thecomi^e- 
ment  of  omngo  (red  and  yellow) ;  yellow  of  purple  (red  and  blue) ;  and  vice  vertd 
in  all  instances. 
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turn  otir  eyes  on  a  sheet  of  white  paper,  we  shall  perceive  a  dark 
spot  upon  it ;  the  portion  of  the  retina  which  had  heen  affected 
by  the  bright  image,  not  being  affected  by  the  fainter  rays 
reflected  by  that  part  of  the  paper.  If  the  eye  has  received 
a  strong  impression  from  a  coloured  object,  the  spot  afterwards 
seen  exhibits  the  complementary  colour ;  thus,  if  the  eye  be  fixed 
for  any  length  of  time  upon  a  bright  red  spot  on  a  white  ground, 
and  then  be  suddenly  turned  so  as  to  rest  upon  the  white  surface, 
we  see  a  green  image  of  the  spot.  The  same  explanation  applies 
to  the  curious  phenomenon  of  coloured  shadows.  It  may  be  not 
unirequently  observed  at  sunset,  that,  when  tlie  light  of  the  sun 
acquires  a  bright  orange  colour,  from  the  hue  of  the  clouds 
through  which  it  passes,  the  shadows  cast  by  it  have  a  blue  tint. 
Again,  in  a  room  with  red  curtains,  the  liglit  which  passes 
through  these  produces  green  shadows.  In  both  instances,  a 
strong  impression  of  one  colour  is  made  upon  the  general  surface 
of  the  retina;  and  at  any  particular  spots,  from  which  the 
coloured  light  is  excluded,  that  particular  hue  is  not  perceived  in 
the  faint  light  that  remains,  and  its  complement  only  is  visible. 
The  correctness  of  this  explanation  is  proved  by  the  fact,  that,  if 
the  shadow  be  viewed  through  a  tube,  in  such  a  manner  that  the 
coloured  ground  is  excluded,  it  seems  like  an  ordinary  shadow. 

570.  Upon  these  properties  of  the  eye  are  founded  the  laws 
of  harmonious  colouring;  a  full  knowledge  of  which  should  be 
possessed  by  artists  of  every  kind  who  are  concerned  with  con- 
trasts of  colour,  whether  in  pictures,  architectural  decorations,  or 
even  in  dress.  All  complementary  colours  have  an  agreeable 
effect  when  judiciously  disposed  in  combination ;  and  all  bright 
colours,  which  are  not  complementary,  have  a  disagreeable  effect, 
if  they  are  predominant :  this  is  especially  the  case  in  regard  to 
the  simple  colours  (red,  blue,  and  yellow)  ;  strong  combinations 
of  any  two  of  which,  without  any  colour  that  is  complementary 
to  either  of  them,  are  extremely  offensive.  Painters  who  are 
ignorant  of  these  laws,  introduce  a  large  quantity  of  dull  grey 
into  their  pictures,  in  order  to  diminish  the  glaring  effects  which 
they  would  otherwise  produce ;  but  this  benefit  is  obtained  by  a 
sacrifice  of  the  vividness  and  force,  which  may  be  secured  in 
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combiDation  with  the  riobeat  h&nnotiy,  b;  proper  atteDtion  to 
phonological  priaciplea. 

571.  The  Eye  is  endowed  with  conuiwn  Kiinbility  ({.  487) 
hy  the  fifth  pair  of  nerves ;  and  when  thia  is  panl)rsed,  all  parts 
of  it  are  oompletelf  insenmbla  to  the  touch,  althoogfa  the  pawn 
of  viMon  m&y  remain  unimptuied.  It  seldom  pKaerres  iti 
healthy  condition  in  this  state,  howeTer ;  for  the  lachrymal  and 
mncoua  aeoieUona  which  protect  its  surface,  are  no  longer  fbimtd 
as  they  should  be ;  and  inflammation,  often  terminating  ia  the 
destructioii  of  the  eye,  is  the  result. 

572.  TbeTisaal  aensations  ohtuned  through  the  Eye  have 
numerous  and  varied  purposes  among  the  h>wer  animals.  That 
they  chiefly  serve  to  direct  their  movements,  is  evident  from 
obaerTation  of  these  movements ;  and  from  the  fact  that,  when 
the  eyes  are  covered  or  destroyed,  most  animals  make  little 
attempt  at  determinate  motions,  though  they  frequently  exhibit 
a  great  deal  of  restlessness.  There  are  a  few  Yottebrata,  how- 
ever, wliich  do  not  poeseea  perfectly-formed  eyes,  and  whidi  an 
consequently  guided  in  their  movements  by  other  senses-  Thii 
■8  the  case  with  the  Mole,  whioh  spends  its  whole  life  ra  har- 
rowing  beneath  the  ground ;  and  aleo  with  the  Proteus,  and  bobm 
others  of  the  lower  Amphibia,  whioh  inhabit  the  dark  reeenee  of 
aubtenanean  lakes  and  channels. 

573.  In  the  Articulated  series  of  animals,  we  meet  with  eyes 

g  of  a  kind   entirely 

diflerait  from  Umm 
which  have  been 
previously  describ- 
ed. In  moat  Insects 
we  notice  a  large 
black  or  darl- 
brown  bemispfaen- 

F»,  101.-11^=  «»  Evn  or  t».  B..  »»w™-  th.        ^**    ^^y'    "'*''*'*^ 

DmiMi,  IBID  vtxwn.  on  Mtlier  side  of  the 

a.a.Mlonn^j  A.  fustierluged;  B,  tbe  nm*  with  hairt    »,„  J  .  .„J  ;_  rVahx 

Lobsters.  Ac,    we 
see  apherioal  bodies,  of  similar  appearance,  mounted  on  short 
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footstalks,  which  are  capable  of  some  degree  of  motion.  When 
these  are  examined  with  the  microscope,  their  surface  is  seen 
to  be  divided  into  a  vast  multitude  of  hexagonal  (six-sided) 
facets.  In  a  species  of  Beetle  (Mordella)  upwards  of  25,000  of 
these  have  been  counted ;  in  a  Butterfly,  above  ]  7,000 ;  in  a 
Dragon-fly,  more  than  12,500;  and  in  the  common  House-fly, 
4000.  Every  one  of  these  facets  may  be  regarded  as  the  front 
of  a  distinct  eye ;  which,  however,  instead  of  being  globular,  is 
conical  in  its  form, — the  front  being  the  base  of  the  cone,  and 
the  apex  or  point  being  directed  towards  the  optic  nerve,  which 
swells  out  into  a  bulbous  expansion,  that  fills  a  large  part  of  the 
interior  of  the  hemisphere.  Each  individual  eye  consists,  there- 
fore, of  its  facet,  which  (being  convex  on  both  surfaces)  acts  as  a 
lens ; — of  the  transparent  cone  behind  this,  which  may  be  com- 
pared to  the  vitreous  humour ; — and  of  the  fibre  which  passes 
from  the  bulbous  expansion  of  the  optic  nerve,  to  the  point  of 
this  cone.  The  several  fibres  are  separated  from  one  another  by 
a  considerable  quantity  of  black  pigment,  which  also  fills  up  the 
spaces  between  the  cones ;  and  it  is  to  this,  that  the  black  appear- 
ance of  the  whole  compound  eye  is  due.  The  various  lenses  or 
facets  adhere  together  strongly  at  their  edges,  and  may  be  readily 
separated  firom  the  remaining  parts  of  the  hemisphere,  by  soaking 
it  in  water  for  some  time ;  a  transparent  homy  membrane  is 
thus  obtained,  in  which  the  division  into  facets  may  be  very 
beautifully  shown,  by  transmitting  light  through  it. 

574.  We  must  thus  regard  each  of  the  cones,  which,  united 
together,  constitute  the  hemispherical  or  globular  mass, — in  the 
light  of  a  distinct  eye,  of  which  the  homy  facet  constitutes  the 
cornea,  whilst  the  short  transparent  cone  behind  it  is  probably  to 
be  considered  as  the  vitreous  humour.  Between  the  two  there 
is,  in  some  instances,  a  partition  or  diaphragm  perforated  by  an 
aperture,  which  evidently  represents  the  iris  and  pupil ;  and  a 
lens-sbaped  body  is  occasionally  found  behind  this,  in  the  true 
position  of  the  crystalline  lens  :  in  these  instances,  the  number 
of  cones  is  smaller  than  usual,  and  each  individual  eye  is  larger ; 
so  as  to  approach  more  nearly,  both  in  its  structure  and  mode  of 
action,  to  the  eyes  of  the  kind  previously  considered.  Where  there 
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is  no  separate  crjrstalline  lens,  the  two  surfaces  of  the  cornea  are 
both  convex,  so  that  each  facet  is  a  distinct  lens ;  and  it  has  been 
ascertained  that  the  focus  of  this  lens  is  exactly  equivalent  to  the 
length  of  the  transparent  cone  behind  it ;  so  that  the  image  it 
produces,  will  fall  upon  the  extremity  of  the  filament  of  the  optic 
nerve,  which  passes  to  its  apex.     The  rays  which  have  passed 
through  the  several  prisms  or  separate  comeae,  are  prevented  from 
mixing  with  each  other,  by  means  of  the  layer  of  black  pigment 
which  surrounds  each  cone ;  and  thus  no  rays,  except  those  which 
correspond  in  direction  with  the  axis  of  the  cone,  can  reach  the 
fibres  of  the  optic  nerve.     Hence  it  is  evident  that  each  separate 
eye  must  have  an  extremely  limited  range  of  vision,  being  adi^ted 
to  receive  but  a  very  small  collection  of  rays,  proceeding  firom  a 
single  point  in  any  object ;  and  as  these  eyes  are  usually  immove- 
able, the  animals  which  possess  them  singly  would  be  very  insuffi- 
ciently informed  of  the  position  of  external  things.     But  by  the 
vast  multiplication  in  the  number  of  the  eyes,  their  defects  are 
compensated ;  a  separate  eye  being  provided,  as  it  were,  for  every 
point  to  be  viewed.     And  it  is  quite  certain,  from  observation  of 
the  movements  of  Insects,  tliat  their  vision  must  be  very  perfect 
and  acute*. 

575.  Although  these  Compound  Eyes  exist  in  all  Insects  and 
most  Crustacea,  Arachnida,  and  M3rriapoda,  they  are  in  general 
not  the  only  organs  of  vision  which  these  animals  possess. 
Most  of  them  are  also  furnished  with  several  simple  eyes,  ana- 
logous in  their  structure  to  those  of  higher  animals,  but  less 
complex  and  perfect  in  their  organisation ;  these  are  for  the  most 
part  disposed  on  the  back  of  the  head ;  they  are  largest  in 
Spiders.     The  lorvas  of  some  Insects  possess  the  simple  eyes 

*  It  is  commonly  believed  that  each  of  these  compound  eyes  prodaoes  its  own 
image  of  the  same  external  object,  as  do  our  two  eyes  ;  but  from  the  descripdoB 
here  given  of  their  separate  directions  when  united,  it  is  evident  that,  in  no  two  «f 
them,  can  an  image  of  the  same  object  be  formed  at  the  same  time.  The  mem- 
brane formed  of  all  the  lens-like  comett  united  together,  when  separated  from  die 
other  parts  of  the  eye,  and  flattened  out,  has  the  properties  of  a  multiplying-gbis, 
each  lens  forming  a  distinct  image  of  the  same  object ;  but  this  is  not  the  case 
when  they  are  arranged  in  their  natural  position,  because  no  two  of  them  then  have 
the  same  direcUon. 
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without  the  compound  ;  the  latter  being  only  developed  at  the 
time  of  the  last  metamoq)hosi8.  The  simple  eyes  of  Insects  do 
not  appear  to  be  nearly  so  efficient,  as  instruments  of  vision,  as 
are  their  compound  ones ;  for  when  the  latter  are  covered,  the 
animals  seem  almost  as  perplexed,  as  if  they  were  perfectly 
blinded.  Simple  eyes,  closely  resembling  those  of  Insects  in 
structure,  are  found  in  most  of  the  MoUusca  which  possess  a 
head, — namely  in  the  Gasteropods,  Pteropods,  and  Cephalupods ; 
those  of  the  last  class  present  an  evident  approach  to  the  eyes  of 
Fishes,  in  the  greater  completeness  of  their  structure,  and  in  their 
adaptation  for  distinct  vision.  In  many  of  the  lower  MoUusca, 
as  in  the  Rotifera  and  several  Annelida,  and  also  at  the  end  of 
the  arms  of  the  Star-fish,  red  spots  may  be  seen,  which  appear 
to  be  rudiments  of  eyes ;  but  no  distinct  organs  of  vision  can  be 
8een  in  the  Zoophytes  and  lowest  MoUusca ;  although  many  of 
them  appear  very  sensible  to  the  action  of  light. 
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CHAPTER   XII. 

ANIMAL  MOTION. 

576.  The  different  modifications  of  the  faculty  of  Sensation, 
which  have  been  described  in  the  preceding  chapter,  enable  Man 
and  other  Animals  to  become  acquainted  with  what  is  going  on 
around  them.  But  their  connexion  with  the  external  world  ifl 
not  confined  to  this  faculty ;  for  if  they  possessed  it  alone,  they 
would  be  nearly  as  pastive  as  are  Plants, — experiencing,  it  is 
true,  pain  and  pleasure  from  their  sensations,  but  not  haying  the 
power  of  avoiding  the  one  or  procuring  the  other.  They  sre 
endowed,  however,  with  another  faculty,  that  of  spontaneous 
movement ;  which  serves  the  double  purpose,  of  enabling  them 
to  act  upon  the  inanimate  world  around  them,  and  of  commu- 
nicating to  each  other  their  feelings  and  ideas.  Thus,  if  we  find 
ourselves  scorched  by  a  flame,  we  either  withdraw  our  bodies 
from  it,  under  the  direction  of  the  inttinci  which  leads  us  to 
avoid  sufiering ;  or  we  set  about  to  extinguish  the  fire,  by  an 
act  of  the  ttiU^  founded  upon  our  knowledge  oi  its  injurious 
tendency.  The  Plant,  even  if  it  had  sensation  (which  some 
naturalists  have  supposed),  could  do  neither  of  these  things. 
Again,  it  is  entirely  by  the  movements  concerned  in  speech,  by 
those  giving  expression  to  the  countenance,  and  by  the  gestures 
of  the  body,  that  we  convey  to  beings  like  ourselves  a  know- 
ledge of  what  is  passing  in  our  own  minds ;  of  this  power,  we 
know  that  Plants  are  entirely  destitute  ;  and  it  is  possessed  in  a 
very  limited  degree  by  the  lower  Animals. 

577.  The  movements  of  Animals  are  effected  by  the  action  of 
a  peculiar  property,  with  which  difiterent  beings  seem  to  be 
endowed  in  proportion  to  their  sensibility;   this  property  is 
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termed  eonlraedlity ;  and  it  consists  in  the  power  which  certtun 
puis  of  the  body  posaees,  of  contractinf;  sudden);  when  excited 
to  do  so,  and  of  aftorwirds  lengthening  again  by  relaxation  or 
slackening.  In  some  animals  of  extremely  simple  structure, 
■ach  aa  the  Hydra  (Fig.  1),  all  parts  of  the  body  appear  equally 
■nsceptible  of  thus  contraoting ;  but  when  we  rise  a  little  in  the 
animal  scale,  we  find  that  this  property  is  nearly  restricted  to  a 
peooliai  tissne,  of  which  it  forma  the  peculiar  endowment ;  thia 
tissue  is  commonly  known  as  mwcular  JUtre.  In  Vertebrated 
aoimala,  the  mnsclea,  which  are  the  active  instruments  of  all 
thoir  movements,  form  the  greater  part  of  the  mass  of  the  body, 
and  conatitnte  what  is  commonly  known  as  the  flesh  or  meat  of 
aBimala.  In  the  Molloaca,  theae  muaclee  are  for  the  most  part 
few  in  nnmber.  Among  tifo  lower  claaaes  of  that  group,  this 
tissue  exiata  only  in  the  mantle,  in  tiie  muscles  which  draw  the 
tbItc*  of  the  shell  together,  in  the  foot,  and  in  the  parts  about 
the  mouth.  But  in  the  Articulated  tribes,  the  muscles  are  very 
nomerons,  and  form  (aa  in  Vertebrata)  a  large  part  of  the  sub- 
stance of  the  body.  Many  of  them  are,  however,  but  repetitions 
of  one  another ;  and  there  is  by  no  means  that  variety  of  move- 
ment among  them,  which  we  meet  with  in  Vertebrata. 

Structure  and  Action*  of  Mueeular  Fibre. 
578.     Every  muscle  is  formed  by  the  union  of  a  number  of 
bnndles,  which  are  united  together  by  means  of  areolar  tisane, 
and  are  themselves  composed  of  bundles  still  more  minute,  united 
ion  similar  manner.      These, 
again,may  be  separated  in  the 
aame    way ;  and   at  last  we 
eome  ia  ^t primitive  Jibrti  of 
which  this  tissne  is  composed.    , 
Elach  of  theae  primitive  fibres 
consists  of  a  delicate  mtm- 
branoDS    tube,    enclosing     a 
great  number  of  Jihrillai,  or 

extremely      mmnte     nhnla,  ttm  fiihiili.j& 

which    are    not   capable   of 
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further  division.  Perfectly-formed  muscular  fibre  exhibits  a 
remarkable  and  very  characteristic  set  of  transrerse  bands  or 
itrue;  and,  when  it  is  separated  into  its  fibrillsB,  it  is  seen  that 
this  appearance  is  due  to  the  peculiar  markings  which  eyery 
fibril  presents.  These  markings,  consisting  of  alternate  light 
and  dark  spaces,  giye  to  the  fibril  a  beaded  appearance ;  but 
this  is  only  an  optical  deception,  since  it  is  really  cylindrical 
in  form.  It  is  easy  to  see  how  the  correspondence  of  the  light 
and  dark  spaces  respectively,  throughout  the  whole  bundle  of 
the  fihrUy  will  give  rise  to  the  banded  appearance  which  the 
-ibre  presents.  The  form  and  diameter  of  the  fibres  vary  con- 
siderably, both  in  different  tribes,  and  in  different  parts  of  the 
same  animal.  In  the  higher  classes,  its  form  usually  approaches 
a  cylinder ;  but  the  parts  which  press  against  one  another  are 
somewhat  flattened,  so  that  it  is  more  or  less  prismatic.  In 
Insects,  on  the  other  hand,  the  fibrillin  are  arranged  in  flat 
bands,  so  that  the  fibre  often  consists  but  of  a  single  layer  of 
them.  The  diameter  of  the  fhriU  is  nearly  the  same  ia  all 
classes,  seldom  departing  much  from  1 -10,000th  of  an  indi; 
and  the  arerage  distance  of  the  dark  strise  from  each  oth^  is 
nearly  the  same. 

579.  Under  the  influence  of  certain  exciting  causes,  or  HtmmH, 
muscular  fibres  suddenly  and  forcibly  contract.  Their  two  ends 
approach  one  another,  and  their  striso  become  closer ;  but  they 
bulge  out  in  the  middle,  to  a  corresponding  degree.  This  causes 
a  like  change  in  the  bundles  which  are  made  up  of  these  fibres; 
and  thus  the  whole  muscle,  when  shortened  by  the  drawing- 
together  of  its  two  ends,  is  greatly  enlarged  in  diameter,  espe- 
cially towards  its  middle.  Of  this  any  one  may  convince  faim- 
self,  by  bending  his  fore-arm  upon  the  arm  (as  when  the  hand 
is  brought  to  the  mouth),  and  feeling  the  fleshy  maas  npon  the 
front  of  the  latter.  The  muscle,  in  fact,  does  not  in  the  least 
degree  change  its  own  bulk  in  the  act  of  contraction;  for  its 
enlargement  in  diameter  is  exactly  equivalent  to  ithe  shortening 
of  the  distance  between  its  extremities. 

580.  It  appears,  however,  that  when  an  ordinary  mnsde  is 
thrown  into  contraction,  aU  its  fibres  do  not  contnust  together. 
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bat  only  a  small  part  of  them.  It  seems  to  be  a  peculiar  property 
of  muscular  fibre,  however,  that  its  contraction  should  be  speedily 
followed  by  relaxation ;  and  it  appears  that,  whilst  a  contiuued 
contraction  is  taking  place  in  the  whole  muscle,  so  that  a  con- 
stant force  is  exerted  by  it,  there  is  a  continual  interchange  in  the 
action  of  the  fibres  by  which  this  takes  place, — ^those  which  have 
been  shortened  becoming  slack,  and  being  replaced  (as  it  were) 
by  others,  which  pass  into  the  contracted  state  for  a  time,  and 
then  relax  again^  being  succeeded  by  another  set.  Now  as  the 
ends  of  those  fibres  which  are  actually  in  a  relaxed  condition,  are 
brought  near  together  by  the  contraction  of  the  rest,  the  fibre  is 
thrown  ont  of  the  straight  line,  and  assumes  a  wavy  or  zig-zag 
form.  It  was  supposed  until  lately,  that  this  is  the  state  of  con- 
traction ;  but  it  is  now  known  to  be  otherwise.  This  peculiar 
arrangement  gives  place  to  the  straight  form,  either  when  the 
fibre  passes  into  the  state  of  contraction,  or  when,  by  the  relaxa- 
tion of  the  whole  muscle,  its  ends  are  separated  again  to  their 
full  extent. 

581.  Now  the  alternate  contraction  and  relaxation,  which  is 
thus  made  to  produce  a  continued  contraction  in  ordinary  muscles, 
elsewhere  occasions  a  different  effect.  Thus  in  the  heart,  all  the 
fibres  of  the  ventricles  seem  to  contract  together,  and  all  to  relax 
together, — those  of  the  auricles  contracting  whilst  the  others  are 
relaxing,  and  vice  versa  ; — and  in  this  way  the  alternate  contrac- 
tions and  dilatations  of  that  most  important  organ  are  continually 
kept  up.  Again,  in  the  muscular  coat  of  the  intestinal  canal,  we 
observe  the  contraction  of  each  part  to  be  almost  immediately 
followed  by  its  relaxation ;  but  the  peculiarity  of  its  movement 
is,  that  the  contraction  is  propagated  on  (as  it  were)  to  the  suc- 
ceeding part,  which  in  its  turn  contracts  and  then  relaxes,  pro- 
ducing th.e  same  action  in  the  part  that  follows  it, — and  so  on 
along  the  whole  canal.  T^\%  perutdUic  motion  (§.  215)  as  it  is 
called,  is  obviously  adapted  to  propel  the  contents  of  the  intes- 
tinal tube  from  one  extremity  of  it  to  the  other ;  just  as  the 
peculiar  action  of  the  heart  is  adapted  to  receive  and  propel  the 
blood  alternately ;  and  as  the  mode  of  contraction  of  the  ordinary 
muscles,  enables  them  to  keep  up  a  continued  strain  for  a  great 
length  of  time. 
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582.  The  extremities  of  the  muaoles  are  usually  attached  to 
bones,  which  their  contraction  causes  to  moTe  one  upon  the 
other.  Of  these  attachments,  one  is  usually  called  the  origin, 
and  the  other  the  insertion, — the  origin  being  in  the  part  that  ts 
most  fixed,  and  the  insertion  in  that  which  moves  upon  it 
Thus  the  muscle  already  spoken  of  as  concerned  in  bending  the 
elbow,  has  its  origin  at  the  shoulder,  and  its  insertion  in  the 
bones  of  the  fore-arm, — ^its  general  action  being  to  move  the 
latter,  while  the  former  is  fixed  or  nearly  so.  But  its  attach- 
ment to  the  fore-arm  may  really  become  its  origin,  and  its  other 
attachment  its  insertion ;  for,  when  a  person  is  hanging  by  his 
hands  from  a  beam  or  oord,  and  raises  his  body  by  bending  his 
olbows,  the  fore-arm  is  the  fixed  point,  and  the  shoulder  is 
moved  upon  it.  In  like  manner,  the  muscular  mass  at  the  botp 
tom  of  the  back,  having  one  attachment  to  the  bones  of  the 
pelvis  and  another  to  the  thigh-bone,  serves  to  draw  the  latter 
backwards,  when  the  former  is  made  the  fixed  point,  as  wheo 
we  rise  up  from  the  sitting  posture ;  but  it  is  also  oontinuallj 
serving  to  keep  the  body  upright  upon  the  thighs,  the  latter  being 
the  fixed  point,  and  brings  it  into  this  position  when  it  has  been 
bent  forwards,  as  in  stooping.  Muscles  are  seldom  dirmily  at- 
tached to  bones ;  but  are  united  with  them  by  means  <^  the 
peculiar  substance  which  is  called  tmidon.  Sometimes  the  tendon 
is  long  and  round ;  this  is  the  case  with  several  of  those  that 
move  the  hand  and  fingers,  which  arise  firom  the  muscles  forming 
the  fleshy  part  of  the  fore-arm,  and  may  be  felt  at  the  wrists  as 
hard  round  cords.  In  other  instances,  however,  the  tcmdon  is  a 
broad  flat  band ;  of  such  we  find  several  within  the  shell  of  the 
body  and  limbs  of  the  Grab  or  Lobster,  when  we  have  removed 
the  muscle  or  flesh. 

583.  The  peculiar  contractility  of  muscular  fibre  may  be 
called  into  action  by  various  causes.  As  in  certain  vegetable 
tissues  (Ybobt.  Phts.  §•  420),  contraction  may  be  excited  by  a 
stimulus  direcdy  applied  to  the  muscle  itself.  Thus,  if  the  heart 
of  an  animal  recently  killed  be  touched  with  a  pointed  instru- 
ment, it  will  contract,  and  then  dilate,  as  if  performing  its  ordi- 
nary action  ;  and  this  may  be  repeated  several  times,  in  the 
same  manner,  if  the  walls  of  the  intestinal  canal  be  pricked  or 
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pinched,  they  will  recommence  and  continue  for  a  short  time 
their  peristaltic  movement.  And  if  any  part  of  an  ordinary 
mnscle  he  irritated  in  the  same  manner,  that  particular  bundle 
will  contract;  but  the  rest  will  not  be  affected.  Now  these 
actions  are  analogous  to  those  performed  by  the  Sensitive  Plant, 
the  Venns'^s  Fly-trap,  and  many  other  plants,  some  part  of  whose 
tissues  contracts  in  like  manner  when  an  irritation  is  applied  to 
it,  causing — ^it  may  be — extensive  and  important  motions.  It 
appears  to  be  in  this  manner,  that  the  contractions  of  the  heart, 
and  of  the  alimentary  tube  from  the  stomach  to  the  rectum,  are 
ordinarily  excited  in  the  living  body.  The  contact  of  blood  with 
the  lining  membrane  of  the  heart  stimulates  its  muscular  walls 
to  contraction,  as  long  as  they  retain  theyr  perfect  structure  and 
properties,  even  though  the  connection  of  that  organ  with  the 
nervous  system  has  been  completely  cut  off.  But  there  must 
be  some  other  cause  for  the  continuance  of  its  regular  move- 
ments ;  for  the  heart  ef  many  cold-blooded  animals  will  continue 
to  contract  and  dilate,  for  many  hours  after  it  has  been  removed 
from  the  body,  when  it  neither  receives  nor  propels  blood,  and 
can  have  no  influence  from  the  nervous  system.  There  is  an 
instance  on  record,  in  which  the  heart  of  a  sturgeon,  which  had 
been  removed  from  the  body  and  inflated  with  air,  continued  to 
beat,  until  the  auricle  had  become  so  dry  as  to  rustle  during  its 
movements.  In  the  same  manner,  the  peristaltic  motions  of  the 
intestine  continue  to  propel  its  contents  for  some  time  after  the  ge- 
neral death  ($.  55)  of  the  body;  and  may  even  take  place  when  the 
whole  tube  is  removed  from  it.  It  is  interesting  to  remark, 
that  in  these  two  instances,  in  which  the  contractility  of  mus- 
cular fibre  is  called  into  action  in  the  same  manner  as  that  of  the 
contractile  tissues  of  Plants,  it  is  applied  in  both  cases  to  the 
maintenance  of  the  organic  or  vegetative  functions ;  and  it  serves 
the  purpose  of  placing  them  altogether  beyond  the  control  of 
the  will,  and  of  keeping  up  the  necessary  movements,  even  with- 
out our  consciousness. 

584.  But  the  muscles  of  the  trunk,  limbs,  &c.,  are  not  called 
into  action  in  this  manner ;  for,  as  just  now  stated,  a  stimulus 
allied  to  any  one  part  of  these  does  not  excite  contraction  in 
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the  whole  muscle  (as  it  does  in  the  case  of  the  heart),  hat  only 
in  the  individual  bundle  of  fibres  irritated.  These  muscles  are 
all  of  them  supplied  with  nerves  from  the  Cerebro-spinal  system, 
or  the  nervous  centres  that  correspond  to  them  in  Invertebrated 
animals ; — -and  it  is  only  by  a  stimulus  transmitted  to  them  along 
these  trunks,  that  all  the  bundles  of  which  the  muscle  is  com- 
posed, can  be  called  into  action  at  once.  The  nervous  tnmks 
which  enter  the  muscles  divide  into  branches,  which  again  8nb> 
divide  into  minute  fibres  ;  and  these  spread  themselves  througli- 
out  the  muscle,  forming  loops,  which  return  again  to  the  tranks. 
The  nerve-tubes  pass  among,  and  into,  the  bundles  of  muscular 
fibres ;  but  in  no  instance  do  they  enter  the  tubular  sheaths  of 
the  latter. 

585.  When  the  trunk  of  a  nerve  supplying  a  muscle  is  irri- 
tated by  pricking,  pinching,  &C.9  in  the  body  of  a  living  animal, 
or  in  one  recently  dead,  the  whole  muscle  is  thrown  into  con- 
traction ;  and  this  contraction  is  peculiarly  strong,  when  a  current 
of  electricity  is  transmitted  along  the  nerve.  In  cold-blooded 
animals,  whose  muscular  fibre  retains  its  vital  properties  for  a 
much  longer  time  after  death  than  that  of  warm-blooded,  this 
contraction  may  be  excited  by  a  very  feeble  cunrent  of  electricity) 
in  a  limb  which  has  been  separated  from  the  body  for  24  hows 
or  more  ;  and  it  was  owing,  in  fact,  to  thb  circumstance  that  the 
peculiar  form  of  electricity  which  is  now  termed  Galvanic  or 
Voltaic,  was  discovered.  The  wife  of  Galvanic  who  was  Pro- 
fessor of  Medicine  at  Bologna,  being  about  to  prepare  some  soap 
from  frogs,  and  having  taken  off  their  skins,  lud  them  on  a  table 
in  his  study,  near  the  conductor  of  an  electrical  machine,  which 
had  been  recently  charged  ;  and  she  was  much  surprised,  upon 
touching  them  with  the  scalpel  (which  must  have  received  a 
spark  from  the  machine)  to  observe  the  muscles  of  the  frog 
strongly  convulsed.  Her  husband,  on  being  informed  of  the 
circumstance,  repeated  the  experiment;  and  found  that  the 
muscles  were  called  into  action,  by  electricity  oommunicaied 
through  the  metallic  substance,  with  which  the  limb  was  touched. 

58G.  The  experiment  was  repeated  in  various  wuys  by 
Volta,  who  was  Professor  of  Natural  Philosophy  at  Pavia ;  and 
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he  found  that  the  effects  were  much  stronger,  when  the  connect- 
ing medium  through  which  the  electricity  was  sent,  consbted  of 
two  metals  instead  of  one  ;  and  from  this  circumstance  he  was 
led  to  the  discovery,  that  electricity  is  produced  hy  the  contact  of 
two  different  metals, — a  discovery  which  has  since  been  so  fruit- 
ful in  most  important  results.  (See  Treatise  on  Electricity.) 
The  following  simple  experiment  puts  this  in  a  striking  point  of 
view.  If  the  skin  of  the  legs  of  a  Frog  recently  killed  be 
removed,  and  the  body  be  cut  across,  above  the  origin  of  the 
great  (sciatic)  nerve  going  to  the  legs, — if  the  spine  and  nerves 
be  then  enveloped  in  tin- foil,  and  the  legs  be  laid  upon  a  plate  of 
silver  or  copper, — convulsive  movements  in  the  muscles  will  be 
excited,  every  time  that  the  metals  are  made  to  touch  each  other, 
so  as  to  complete  the  electric  circuit. 

587.  Similar  experiments  have  been  tried  with  the  Voltaic 
battery,  upon  the  dead  bodies  of  criminals  recently  executed.  If 
one  wire  be  placed  upon  the  muscles  which  it  is  desired  to  call 
into  action,  and  the  other  upon  the  part  of  the  spine  from  which 
the  nerves  proceed,  movements  of  every  kind  may  be  produced ; 
and  the  application  of  electricity  in  this  manner,  so  as  to  renew 
the  motions  of  the  diaphragm,  is  probably  the  best  means  of 
restoring  vital  activity,  after  it  has  been  suspended  by  drowning, 
or  suffocation  (§.  338).  No  agent  more  effectually  imitates  the 
natural  action  of  the  nerves,  in  exciting  the  contractility  of 
muscles,  than  Electricity  thus  transmitted  along  their  trunks ; 
and  it  has  been  hence  supposed,  by  some  philosophers,  that  elec- 
tricity  is  the  real  agent  by  which  the  nerves  act  upon  the  mus- 
cles,— more  especially  since  it  is  certain  that,  in  those  animals 
which  generate  large  quantities  of  electricity,  the  nerves  have  a 
great  share  in  this  peculiar  operation  (§.  423).  But  there  are 
many  objections  to  such  a  view ;  and  this  very  important  one 
among  the  rest, — that  electricity  may  be  transmitted  along  a 
nervous  trunk  which  has  been  compressed  by  a  string  tied  tightly 
round  it,  whilst  the  passage  of  ordinary  nervous  power  is  as 
completely  checked  by  this  process,  as  if  the  nerve  had  been 
divided.  We  have  already  seen,  too,  that  electricity,  transmitted 
along  the  sensory  nerves,  excites  the  peculiar  changes  in  the 
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brain,  by  which  senfiations  are  produoed  (§.  488)  ;  and  ibag  it 
appears  that,  in  their  effects,  as  well  as  in  their  mode  of  action, 
there  is  more  analogy  between  electricity  and  nervons  agency, 
than  there  is  between  any  other  two  powers  of  animated  and 
inanimated  nature. 

588.  The  power,  whatever  be  its  natnre,  by  which  the 
Nerves  act  upon  the  Muscles  in  the  living  body,  originates  in  the 
central  organs,  or  ganglionic  masses,  of  the  nervous  system,  and 
is  propagated  from  these,  through  the  nervous  fibres  to  the  mus- 
cles,— in  a  mode  precisely  analogous  to  that  in  which  the  eleotiifl 
power,  called  forth  by  the  action  of  an  electrical  machine  or  gal- 
vanic battery,  is  transmitted  to  any  distance  through  oonducting 
wires.     If  the  conductor  be  divided,  no  action  at  the  centre, 
however  powerful,  can  produce  any  change  at  its  eztiemitiee ; 
and  in  this  manner,  by  division  of  the  nervons  trunk,  the  ronsde 
supplied  by  it  is  palited.    The  muscle  itself  does  not  thereby  lose 
its  contractility ;  for  it  may  still  be  made  to  contract,  by  a  eti- 
mulua  transmitted  thrtmgh  the  part  of  the  trunk  that  remaim 
attached  to  it, — as,  for  instance,  by  pricking  or  pinching  the  cot 
extremity,  or  by  passing  an  electric  current  along  it ;  but  it  is 
completely  withdrawn  from  the  dominion  of  the  nervous  cen- 
tres, under  which  it  previously  was ;  and  can  neitheF  be  called 
into  action  by  the  will,  by  an  emotion,  or  by  a  reflex  impulse. 
The  part  of  the  trunk  in  connection  with  it  soon  loses  its  power 
of  conveying  irritations ;  and  the  muscle  itself,  being  throws 
into  disuse,  in  time  loses  its  contractility. 

589.  From  this  last  fact  it  has  been  supposed,  that  the  coo- 
traotility  of  muscular  fibre  depends  upon  its  connection  wiUi  the 
nervous  system,  and  is  not  an  endowment  peculiar  to  itself.  But 
this  idea  is  disproved  by  a  number  of  circumstances.  Thus  the 
contractility  of  the  heart  and  intestinal  tube  is  exhibited,  long 
after  these  parts  have  been  separated  from  their  nerves.  The 
contractility  of  other  muscles  may  be  exhausted,  by  repeated  ex- 
citement, so  that  even  the  stimulus  of  galvanism  will  not  produce 
movement  in  them  ;  and  yet  it  may  be  recovered  alter  the  ner- 
vous trunks  have  been  divided.  And  it  has  been  ascertained 
that  if  the  muscles  be  frequently  exercised,  as  by  the  applicaftios 
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of  galvanism  onoe  or  twice  a  day,  they  will  retain  their  con- 
tractility for  any  length  of  time.  This  exercise  is  farther  found 
to  have  the  eiFect,  of  preventing  the  wasting-away  of  the  muscles 
which  otherwise  takes  place ;  and  thus  we  see  that  the  preserva- 
tion of  thb  peculiar  property  is  dependent  upon  the  due  nutri- 
tion of  the  muscle,  whilst  the  loss  of  the  property  results  from 
its  want  of  nutrition, — as  we  find  to  he  the  case  in  regard  to 
other  tissues.  Further,  the  activity  of  the  nutrition  of  muscles 
depends  in  great  part  upon  the  use  that  is  made  of  them  ;  and 
thus  we  find  that  any  set  of  muscles  in  continual  employment 
undergoes  a  great  increase  in  size  and  vigour ;  whilst  those  that 
are  disused,  even  though  their  nervous  connections  remain  entire, 
lose  their  firmness  and  diminish  in  bulk,  until,  if  the  inaction  be 
continued  long  enough,  almost  all  trace  of  proper  muscular  sub- 
stance disappears,  and  the  contractility  of  the  part  is  lost. 

590.  Bat  a  muscle  may  be  pained  by  some  change  taking 
place  in  the  central  organs,  which  shall  prevent  the  nervous 
influence  from  being  excited  there.  Thus  by  an  eflPusion  of 
blood  in  a  certain  part  of  the  brain,  the  arm,  leg,  or  the  whole 
of  one  side  may  be  paralysed  to  the  influence  of  the  uUl.  But 
the  muscles  which  are  thus  withdrawn  from  the  power  of  the 
will,  may  yet  be  moved  by  an  emotional  or  inetinetive  impulse, 
or  by  re/lex  actions ;  provided  its  connection  with  the  parts  of 
the  nervous  centres,  in  which  these  actions  originate,  be  unim- 
paired (Chap.  X.)  Thus,  a  completely  paralytic  arm  has  been 
seen  to  be  violently  shaken,  when  the  emotions  of  the  patient 
were  strongly  excited  by  the  approach  of  a  friend.  The  muscles 
of  the  shoulder,  in  a  case  of  complete  paralysis  of  one  side,  were 
called  into  contraction  in  the  reflex  movement  of  yawning 
(§.  341).  And  the  muscles  of  the  legs,  when  their  communica- 
tion with  the  brain,— and  consequently  the  control  of  the  will 
over  them, — has  been  completely  cut  ofl^,  have  been  made  to  act 
energetically  when  the  feet  were  tickled,  although  the  patient 
was  not  conscious  either  of  the  irritation  or  of  the  motion.  When 
the  muscles  are  thus  aroused  to  occasional  activity,  their  nutri- 
tion is  not  so  much  impaired,  and  their  contractility  does  not 
depart  nearly  as  completely,  as  when  they  are  thrown  into  entire 
disuse,  by  dividing  their  nerves. 
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591.  Muscles  are  commonly  divided  into  voluntary  and  tn- 
voluntafy^  according  as  they  act  in  obedience  to  the  will,  or  are 
not  under  its  dominion.  But  this  is  not  a  correct  division;  since, 
whilst  nearly  all  the  muscles  of  the  body  are  more  or  lees  under 
the  control  of  the  will,  they  may  all  at  times  have  an  involantsrj 
action.  The  heart  and  the  muscular  coat  of  the  alimentary  canal, 
with  the  muscles  concerned  in  swallowing  and  in  one  or  two 
other  actions  of  a  similar  character,  are  the  only  muscles  which 
the  will  cannot  either  set  in  action,  or  control  when  in  action. 
There  are  several  muscles  whose  usual  movements  are  of  a  reflex 
and,  therefore,  involuntary  character ;  which  are  yet  capable  of 
})eing,  to  a  certain  extent,  controlled  and  governed  by  the  will 
Such  are  the  movements  of  respiration ;  which  will  continue  to 
take  place  after  the  brain  has  been  removed,  and  which  go  on 
regularly  during  the  profoundest  sleep,  and  the  most  complete 
withdrawal  of  the  attention  from  them.  In  the  Invertebrated 
animals,  these  motions  are  probably  not  influenced  by  the  will ; 
but  in  the  air-breathing  Yertebrata,  they  are  placed  in  a  certain 
degree  under  the  dominion  of  the  will,  in  order  that  they  may 
be  made  to  contribute  to  the  production  of  the  vocal  actions  of 
speaking,  singing,  &c.,  which  are  restricted  to  these  classes.  We 
can  hold  the  breath  for  a  certain  time  by  a  voluntary  efibrt,  or 
we  can  expel  or  draw  it  in  more  quickly  than  usual ;  but  no 
voluntary  effort  can  cause  the  breath  to  be  held  for  more  than  a 
few  moments ;  for  the  uneasiness  which  is  then  felt,  and  wbicfa 
is  continually  increasing,  causes  an  involuntary  action  of  the 
muscles,  by  which  it  is  relieved.  But  again,  there  are  other 
muscles,  whose  ordinary  actions  are  voluntary;  but  which  are 
occasionally  made  to  act  independently  of  the  will,  or  even 
against  its  direction.  Such  are  those  which  are  excited  by  the 
emotions,  as  in  laughing,  crying,  sobbing,  &c.  We  may  have 
the  strongest  desire  to  check  these  actions,  owing  to  the  unfit- 
ness of  the  time  and  place  for  their  manifestation ;  and  yet  we 
may  be  unable  to  do  so.  And  lastly,  muscles,  whose  action  is 
usually  voluntary,  may  be  occasionally  called  into  powerful  con- 
traction, which  the  will  cannot  in  the  least  degree  control  or 

prevent ;  this  is  the  case  in  cramps,  convulsions,  &c.,  of  varioas 
kinds. 


CONDITIONS   OP   MUSCULAR   ACTION.  441 

592,  All  these  facts  are  readily  accounted  for  by  the  know- 
ledge we  now  possess,  of  the  different  sources  of  muscular  inoTe* 
ment.  It  has  been  ahready  shown  (§.  464)  that  every  motor 
trunk  proceeding  to  a  muscle,  contains  filaments  that  are  derived 
from  at  least  two  different  sources, — one  of  these  the  brain,  and 
the  other  the  spinal  cord.  Now  those  muscles  which  are  chiefly 
supplied  by  the  latter,  and  usually  receive  from  it  their  stimulus 
to  contraction  (which  is  the  case  with  those  of  respiration)  will 
be  more  involuntary  in  their  character  than  those,  which  are 
chiefly  supplied  from  the  brain,  and  which  are  less  connected 
with  the  spinal  cord, — as  is  the  case  with  the  muscles  that  move 
the  limbs.  And  those  muscles  which  are  called  into  action  by 
the  emotions,  probably  receive  a  third  set  of  fibres,  from  a  part 
of  the  nervous  centres  different  firom  either  of  the  preceding  ;  and 
the  influence  transmitted  by  these  fibres  may  be  so  strong,  as 
not  to  be  capable  of  being  resisted  by  others. 

593.  The  vigorous  action  of  the  muscular  structure  is 
dependent  upon  several  causes.  In  the  first  place,  it  requires 
(as  we  have  already  seen)  an  active  nutrition  of  the  muscles 
themselves.  Firm,  plump,  and  high-coloured  muscles  act  with 
greater  force  than  those  which  are  pale  and  flabby,  even  though 
the  size  of  the  latter  may  be  greater.  Again,  in  all  those 
animals  whose  activity  is  greatest,  a  constant  supply  of  oxygen 
is  requisite  for  muscular  vigour.  This  is  conveyed,  in  Birds  and 
Mammalia,  by  the  blood  (§.  234)  ;  in  Insects,  on  the  other 
hand,  it  actually  enters  the  muscular  tissue,  in  the  state  of 
atmospheric  air  (§.  320).  In  Reptiles,  again,  the  blood  goes 
to  the  tissues  very  imperfectly  oxygenated;  and  their  move- 
ments are  comparatively  slow  and  feeble.  But  it  is  a  remark- 
able circumstance,  that  in  the  dead  bodies  of  the  latter,  or  in 
parts  separated  from  the  living  body,  the  property  of  contracti- 
lity does  not  depart  nearly  so  soon,  as  it  does  in  similar  parts  of 
warm-blooded  animals.  By  experiments  on  Mammalia  it  has 
been  found,  that  the  muscles  of  the  trunk  cannot  be  caused  to 
contract  by  galvanism,  for  more  than  two  or  three  hours  after 
death ;  though  the  auricles  of  the  heart  retain  their  contractility 
for  some  hours  later.     The  muscles  of  Birds  (whose  respiration 
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is  more  aotive,  and  whose  iemperature  is  higher)  lose  their  oon- 
traotility  yet  sooner  ;  hut  those  of  Reptiles  sometimes  retain  the 
power  of  contracting  for  several  days.  When  Tenons  or  imper-* 
fectly-aerated  hlood  is  made  to  circulate  through  the  yesaels  of 
warm-hlooded  animals,  it  aots  like  a  poison  upon  them,  dimi- 
nishing or  oTen  destroying  their  contractility.* 

594.  Further,  the  energy  of  muscular  contraction  depends 
in  great  degree  upon  the  power  of  the  stimulus  which  is  truM- 
mitted  to  it  through  the  nerrous  system.  We  often  have  the 
opportunity  of  observing  this,  in  the  case  of  persons  who  are 
under  the  excitement  of  violent  passion  or  of  insanity  ;  a  delicate 
female  is  frequently  a  match  for  three  or  four  strong  men, 
and  can  even  break  cords  and  bands  that  would  held  the  most 
powerful  man  in  his  ordinary  state.  The  strength  in  such  eir- 
oumstanoes  seems  almost  preternatural ;  but  it  is  not  greater  than 
that  which  we  see  manifested  in  convulsive  actions,  where  the 
movements  depend  only  upon  the  spinal  cord.  Thus  a  slender 
girl  affected  with  spasmodic  affection  of  the  muscles  of  the  spine, 
which  threw  the  back  into  an  arch,  of  which  the  head  and  heeb 
were  tiie  two  resting-points,  has  been  known  to  raise  a  weight 
of  9001b8.  laid  on  the  abdomen,  with  the  absurd  intention  ol 
straightening  the  body. 

595.  The  sonse  of  fatigue,  which  comes  on  afker  prolonged 
muscular  exertion,  is  really  dependent  upon  a  change  in  the 
brain,  though  usually  referred  by  us  to  the  musdes  that  hate 
been  exercised.  For  it  is  felt  after  voluntary  motions  only ;  and 
the  very  same  muscles  may  be  kept  in  refi^  action  for  a  modi 
longer  time,  without  any  fatigue  being  experienced.  Thus,  we 
never  feel  tired  of  breathing ;  and  yet  a  forced  voluntary  action 
of  the  muscles  of  respiration  soon  causes  fatigue.  The  volon- 
tary  use  of  the  muscles  of  our  limbs,  in  walking  or  running, 
soon  causes  weariness ;  but  similar  muscles  are  used  in  Birds 
and  Insects,  for  very  prolonged  flights,  without  apparent  &tigae; 

•  Other  Bubttaoow  do  this  with  eren  greater  rapidity;  thu  a  •troof  eolBtiM  of 
nitnte  of  potus  (nitre)  injected  into  the  blood-veneli,  and  conveyed  by  tbea  to 
the  heart,  cautes  the  immedi'ate  restation  of  its  action — the  poiion  fiodtnf  iti  «>T* 
throof  h  lu  own  Teetela,  into  the  eapillarice  of  the  aiucolar  ttnietnre. 


ENBROY   OP    MUSCULAR    ACTION.  449 

and  ns  we  find  that  the  actions  of  flight  may  be  performed,  after 
the  bnun,  or  the  ganglia  that  correspond  to  it  in  Insects,  have 
been  remoyed  (§§.  444, 465),  we  may  regard  them  as  of  a  reflex 
character ;  and  the  absence  of  fatigue  is  thus  accounted  for. 

596.  The  energy  of  muscular  contraction  appears  to  be  greater 
in  Insects,  in  proportion  to  their  size,  than  it  is  in  any  other 
animals.  Thus  a  Flea  has  been  known  to  leap  sixty  times  its 
own  length,  and  to  more  as  many  times  its  own  weight.  The 
short-limbed  Beetles  that  inhabit  the  ground  have  an  enormous 
power,  which  is  manifested  both  in  their  movement  of  heavy 
weights,  and  in  the  resistance  they  overcome  with  their  jaws. 
Thus  the  Dung  or  Shard-borne  Beetle  can  support  uninjured,  and 
even  elevate,  a  weight  equal  to  at  least  500  times  that  of  its  body. 
And  the  Stag-Beetle  has  been  known  to  gnaw  a  hole  of  an  inch 
diameter,  in  the  side  of  an  iron  canister  in  which  it  had  been 
Gonflned.  The  rapidity  of  their  movements  is  also  most  extra* 
ordinarily  great,  and  is  especially  seen  in  the  vibrations  of  their 
wings.  It  would  be  impossible  to  form  an  estimate  of  the  time 
occupied  by  these,  were  it  not  for  the  musical  tone  they  produce ; 
and  it  may  be  calculated  from  these  (upon  principles  which  will 
be  explained  in  the  Treatise  on  Sound)  that  the  wings  of  many 
Insects  strike  the  air  several  hundred  times, — and  those  of  some 
of  the  smaller  Insects  many  thousand  times, — in  a  second  of  time. 

Of  the  Apparatus  of  Movement  in  general. 

597.  Muscular  contraction  performs  an  important  part  in 
nearly  every  one  of  the  functions,  of  which  we  have  already 
treated.  Thus  the  reception  of  the  food,  and  its  propulsion 
along  the  alimentary  canal,  forming  part  of  the  fnnction  of 
Digestion,  are  accomplished  through  its  means.  The  Circulation 
of  the  blood,  again,  depends  mainly  on  the  agency  of  a  con- 
tractile organ,  the  heart.  The  Respiration  cannot  be  kept  up, 
in  the  higher  animals  at  least,  without  the  aid  of  certain  move- 
ments, which  are  accomplished  by  the  muscles.  With  the  pro- 
cesses of  Nutrition  and  Secretion,  it  is  not  so  closely  connected ; 
bat  the  latter  is  dependent  upon  it  so  far  as  this,  that  its 
products  are  carried  out  of  the  body  by  the  aid  of  muscular 
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contraction.  And  even  in  Sensation,  the  peculiar  endowment  of 
muscular  tissue  comes  into  use ;  by  giving  to  the  organs  of  seose 
those  movements,  which  enable  them  to  take  a  wider  range, 
and  to  apply  themselves  most  perfectly  to  the  objects  before 
them.  But  we  have  now  to  study  its  applications  in  those 
general  and  partial  movements  of  the  body,  on  which  depend  the 
heomotion  (or  change  of  place)  of  animals,  their  attitudes,  and  i 
number  of  other  important  actions,  entirely  of  a  mechanical 
nature.  The  organs  by  which  these  are  efieeted,  may  be  con- 
veniently divided  into  the  active  and  panite.  The  acUt€  are  those 
which  have  peculiar  vital  powers  within  themselves,  and  which 
exert  these  by  giving  motion  to  other  parts.  To  this  clasB, 
therefore,  we  refer  the  muscles,  whose  peculiar  endowments  have 
been  just  considered.  The  passive  organs,  on  the  other  hand,  are 
those  which  perform  no  action  of  themselves,  which  have  no 
power  but  that  of  yielding  a  simply  mechanical  support,  and 
which  consequently  perform  no  movement  but  such  as  they  are 
made  to  do  by  the  muscles.  Of  this  kind  are  the  hard  parte 
which  form  the  skeleton  or  solid  framework  of  the  body,  whether 
this  be  internal  or  external. 

598.  In  the  lower  tribes  of  animals,  the  muscles  are  aU 
inserted  in  the  soft  and  flexible  membrane  which  covers  the  body; 
and  it  is  by  acting  upon  it,  that  they  can  change  the  form  of  the 
body,  in  such  a  manner  as  to  cause  it  to  move,  either  altogether 
or  in  part.  This  is  the  case,  for  example,  in  the  Leech,  Earth- 
worm, and  other  Annelida ;  which  are  furnished  with  two  sets  of 
muscular  fibres,  one  nmning  along  the  body,  and  the  other 
passing  round  it  in  rings.  By  the  contraction  of  the  former,  the 
two  ends  are  drawn  together,  so  that  the  body  is  shortened; 
whilst  by  that  of  the  latter,  its  diameter  is  lessened,  so  that  it  is 
necessarily  lengthened.  By  these  two  movements,  which  take 
place  alternately,  the  progression  of  the  animal  b  accomplished ; 
and  by  varying  the  contractions  of  one  part  or  another,  almost 
any  form  and  direction  can  be  given  to  the  soft  and  flexible  body. 

599.  But  in  the  higher  animals,  we  find  the  apparatos  of 
movement  to  consist,  not  only  of  muscles,  but  also  of  a  framework 
of  solid  pieces ;  which  serves  to  augment  the  precision,  the  force. 
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and  the  extent  of  the  movements ;  whilst,  at  the  same  time,  it 
determines  the  general  form  of  the  body,  and  protects  the 
viscera  against  external  forces.  This  solid  framework,  or  tkeleiony 
to  which  the  muscles  are  attached,  may  be,  as  we  have  seen, 
either  internal  or  external.  In  the  Yertebrated  classes,  the  hard 
skeleton  is  internal ;  in  the  Articulated  series  it  is  external ;  in 
the  Mollusca  it  can  scarcely  be  said  to  exist,  since  no  muscles 
are  attached  to  the  shell,  save  those  that  serve  to  attach  the 
animal  to  it,  or  to  draw  together  its  valves ;  and  in  the  Radiata, 
its  position  is  variable,  being  sometimes  external,  as  in  the 
Echinodermata,  and  sometimes  internal,  as  in  the  stony  Corals. 

600.  The  peculiar  structure  of  some  of  these  parts  has  been 
already  described.  It  has  been  stated  that  the  bones  of  Verte- 
brata  differ  from  all  other  substances  of  a  similar  hardness,  in 
being  penetrated  by  Uood-vesBeU  ;  but  it  is  not  the  only  substance 
in  which  ttibes  exist ;  for  a  system  of  tubes  resembling  those  of 
teeth,  or  those  which  radiate  from  the  minute  cavities  in  bone 
(§.  48),  is  to  be  found  in  the  shells  of  some  Mollusca  and  Crus- 
tacea, and  even  in  the  stony  Corals,  as  also  in  the  bony  scales 
of  certain  Fishes.  All  these  parts  are  formed  by  the  consolida- 
tion  of  living  animal  tissue,  by  deposits  of  carbonate  of  lime  or 
other  mineral  matter ;  and  the  difference  between  them  consists 
mainly,  in  the  nature  of  the  tissue  thus  consolidated.  Thus  in 
some  shells,  it  is  previously  cellular,  constituting  a  sort  of 
epithelium;  in  others  it  is  simply  membranous.  In  the 
Polypifera  it  seems  to  be  a  very  delicate  cellular  tissue,  resembling 
that  of  which  the  soft  bodies  of  the  animals  are  composed.  And 
in  the  Echinodermata,  the  animal  substance  which  remains  after 
the  lime  has  been  dissolved  away  by  acid,  has  rather  the  cha- 
racters of  areolar  tissue, — consisting,  not  of  cells,  but  of  plates 
and  shreds  of  membrane,  interwoven  into  a  structure  that  con- 
tains numerous  cavities  communicating  with  each  other. 

601.  The  different  portions  of  the  skeleton  are  articulated^  or 
united  by  joints  to  one  another,  in  such  a  manner,  that  they  can 
move  with  greater  or  less  freedom.  This  we  see  both  in  the 
Vertebrated  and  Articulated  classes.  In  the  latter,  the  joints 
are  for  the  most  part  very  simple  in  their  construction.     The 
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diJOTerent  rings  or  pieces  are  held  together  hy  a  flenhle  membnne 
passing  from  one  to  the  other ;  this  seems  to  be  little  elae  than  a 
portion  of  the  integument  that  originally  coyered  the  body,  which 
has  remained  unconsolidated,  whilst  the  rest  has  been  hardened. 
And  sometimes  they  are  made  to  adhere  to  each  other  by  a  kind 
of  Moldering ;  so  as  to  be  altogether  immovable.  Bat  in  the 
internal  skeletons  of  the  Yertebrata,  we  find  a  more  complex 
mode  of  union,  fitted  to  afford  scope  for  the  greater  Tariety  of 
motions  which  their  parts  perform.  Here,  too,  we  find  some 
parts  immovably  united  to  each  other,  where  support  and  pro- 
tection alone  are  required.  These  immovable  articulaiionsi  of 
which  there  are  several  kinds,  will  be  first  considered. 

602.  All  the  bones  of  the  head  and  face  (with  the  ezoeption 
of  the  lower  jaw),  in  Man  and  the  higher  Yertebrata,  have  their 
edges  in  immediate  contact  with  each  other ;  so  that  they  hold 
together  in  the  dry  skull,  as  well  as  during  life.  Those  bones 
of  the  skull,  which  inclose  and  protect  the  brain,  are  very  firmlj 
united  by  what  are  termed  nUureM  ;^  which  are  mostly  formed 
by  the  interlocking  of  the  jagged  edges  of  one  bone,  into  corre- 
sponding notches  of  the  adjoining  one;  though  in  some,  this 
kind  of  union  is  incomplete ;  and  in  others  it  ia  replaced  by  a 
bevelling  of  the  edges  that  are  in  contact,  or  by  the  reception  of  a 
ridge  of  one  bone  into  a  groove  in  the  other.  So  firmly  are  the 
bones  united  in  this  manner,  that  it  is  difficult  to  separate  them 
without  breaking  away  some  of  their  projecting  parts ;  and  in 
the  skulls  of  old  persons,  the  sutures  are  almost  obliterated  by 
the  complete  union  between  the  adjacent  bones.  In  the  inftnt, 
on  the  other  hand,  the  bones  of  the  skull  are  only  united  to  etch 
other  by  a  membranous  substance ;  and  there  is  a  point  at  the 
top  of  the  head,  which  is  not  even  covered  by  a  bony  layer  for 
some  time  after  birth.  It  is  only  as  the  age  advances,  and  the 
ossification  becomes  more  complete  (§.  51),  that  the  firm  bony 
union  is  effected. 

603.  In  several  other  articulations,  the  bones  do  not  come 
into  direct  contact  with  each  other,  but  are  united  by  an  inter- 
vening layer  of  cartilage,  and  also  by  ligaments  and  oUier  fibrous 

*  From  the  Latin,  «ti/ura,  »  teftin. 
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membranes  encircling  the  articulations.  The  adjacent  surfaces 
of  the  bones  are  flat,  and  have  a  slight  gliding  movement  over 
one  another;  but  the  extent  of  motion  permitted  is  very  small. 
This  kind  of  articulation  exists  between  the  bodies  of  the  ver- 
tebr89  of  Man  and  the  higher  Yertebrata,  between  the  bones  of 
the  pelvis,  and  some  other  parts. 

604.  The  proper  movable  articulations,  by  which  the  limbs 
are  connected  with  the  trunk,  and  their  different  divisions  to 
each  other,  are  those  to  which  we  commonly  give  the  name  of 
joints.  In  these,  the  surfaces  of  the  adjacent  bones  are  not 
united  in  any  other  way,  than  by  the  ligaments  and  muscles 
which  surround  them ;  and  they  have  a  free  gliding  movement 
over  each  other.  They  are  covered,  it  is  true,  by  cartilage ; 
this,  however,  does  not  pass  from  one  bone  to  the  other,  as  in 
the  previous  case ;  but  forms  a  thin  layer  over  the  end  of  each, 
and  presents  a  very  smooth  surface,  which  greatly  facilitates  the 
motion  of  the  joint.  These  surfaces  are  kept  moist  by  a  fluid 
termed  synovia;  this  is  secreted  by  a  serous  membrane  which 
covers  them,  and  which  forms  a  closed  capsule  or  bag,  much 
resembling  that  of  the  pericardium  (§.  256).  The  beautiful 
smoothness  of  the  surfaces  of  the  joints,  and  the  manner  in  which 
the  bones  are  held  together  by  the  muscles  and  ligaments,  is 
well  seen  by  examining  the  knuckle-joint  at  the  lower  end  of  a 
leg  of  mutton  (before  being  cooked),  and  the  other  joint  which 
connects  it  with  the  bones  at  the  top.  These  two  joints  are  ex- 
amples of  the  two  principal  varieties  of  freely-movable  articula- 
tions,— the  Atf2^«-joint,  and  the  hall-and  socket  joint.  In  the 
first  of  these,  the  surfaces  of  the  bones  are  so  formed,  that  the 
movement,  though  free  as  regards  its  extent,  is  very  limited  in 
its  direction,  being  in  fact  restricted  to  a  backward  and  forward 
action  in  the  same  line,  just  like  that  given  by  a  common  hinge. 
In  the  second,  the  end  of  one  bone  is  formed  into  a  rounded  head 
or  ball;  and  this  is  received  into  a  corresponding  socket  or  cup 
in  the  other,  the  edge  of  which  is  usually  deepened  by  cartilage ; 
in  this  manner,  the  bone  which  carries  the  ball  is  enabled  to 
move  upon  the  other  in  any  direction,  unless  checked  in  other 
ways.     Of  the  hinge-joint  we  have  examples  in  the  elbow,  the 
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knee,  and  the  joints  of  the  fingers  and  toes.  Of  the  perfect 
ball-and-socket  joint,  we  have  in  Man  only  two  examples, — ^the 
shoulder,  and  the  hip.  In  the  former,  the  socket  is  much  Bhal- 
lower  than  in  the  latter ;  and  the  motions  of  the  arm  sre  conse- 
quently more  extensive  than  those  of  the  thigh.  Both,  how- 
ever, are  unchecked  in  regard  to  their  direction,  except  when 
the  limb  is  brought  against  the  body  or  against  its  fellow.  The 
wrist  and  the  ankle-joint  are  of  an  intermediate  character ;  the 
former  more  resembling  the  ball-and-socket,  and  the  latter  the 
hinge-joint. 

605.  All  these  joints  are  more  or  less  subject  to  dMoeatm^ 
by  violence  of  different  kinds.  This  takes  place  by  the  slipping 
away  from  each  other  of  the  two  surfaces,  which  ought  to  be  in 
contact.  Thus  the  head  of  the  humerus  (or  arm-bone)  may  dip 
over  the  edge  of  its  socket,  so  as  to  lie  entirely  on  the  outside  of 
it ;  and  this,  in  consequence  of  the  shallowness  of  the  cup,  hap- 
pens not  unfrequently.  The  head  of  the  thigh-bone,  also,  may 
slip  out  of  iU  socket ;  but  this  accident  is  more  rare,  on  account 
of  the  deepness  of  its  cup.  The  elbow  and  knee-joints,  as  also 
those  of  the  wrists,  ankle^  fingers,  and  toes,  may  be  dislocated 
by  the  slipping  of  one  surface  on  the  other,  either  forwards, 
backwards,  to  one  side  or  to  the  other.  One  of  the  most  com- 
mon dislocations  is  that  of  the  thumb,  the  lowest  articulation  of 
which  has  rather  the  character  of  the  ball-and-socket  (with  a  very 
shallow  cup),  than  of  the  hinge-joint.  But  in  proportion  to  the 
liability  of  any  joint  to  dislocation,  is  usually  the  ease  with  which 
it  may  be  brought  into  place  again. 

606.  The  action  of  any  muscle  in  producing  a  change  in  the 
position  of  a  movable  bone  on  which  it  acts,  is  determined  in 
the  first  place,  by  the  nature  of  the  movement  of  which  the  hone 
is  capable ;  and  in  the  second,  by  the  direction  in  which  the 
power  of  the  muscle  is  applied  to  it.  Having  now  considered 
the  former  of  these  conditions,  we  proceed  to  the  latter.  The 
contraction  of  a  straight  muscle  which  is  attached  to  a  fixed 
point  at  one  end,  and  to  a  movable  point  at  the  other,  will  obTi- 
ously  tend  to  draw  the  latter  towards  the  former.  Thns,  the 
mu9cle8  which  bend  the  fingers  lie  in  the  palm  of  the  hand,  and 
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on  the  corresponding  side  of  the  fore-arm ;  whilst  those  that 
straighten  the  fingers  are  situated  on  the  opposite  side.  But  we 
often  find  that  the  direction  of  a  muscle's  action  is  changed,  by 
the  passing  of  its  tendon  through  a  pulley-like  grooTc  or  loop  ; 
so  that  it  draws  the  movable  bone  in  a  direction  different  from 
that  of  its  fixed  attachment.  This  is  the  case,  for  example,  with 
some  of  the  muscles  that  bend  the  toes ;  these  being  situated  in 
the  calf  of  the  leg,  would  draw  the  toes  upwards,  were  it  not  that 
their  tendons  are  carried  beneath  the  bones  of  the  heel,  working 
in  smooth  pulley-like  channels  hollowed  out  in  them;  hence, 
when  the  muscle  contracts,  the  tendons  draw  the  ends  of  the  toes 
towards  the  heel,  and  thus  bend  them. 

607.  We  generally  find  that  even  movements  of  a  simple 
character  are  performed  by  the  combined  action  of  several 
muscles ;  of  which  some  may  be  considered  as  the  principal,  and 
others  as  assistants.  Those  which  are  principals  in  one  move* 
ment  may  become  assistants  in  another  ;  and  vice  versa.  Thus, 
if  we  wish  to  bend  the  wrist  directly  downwards  upon  the  fore* 
arm,  we  put  in  action,  not  only  certain  muscles  whose  tendency 
would  be  to  produce  this  movement,  but  others  which,  acting  by 
themselves,  would  produce  a  different  motion.  One  of  these 
would  draw  the  wrist  towards  the  thumb-side  of  the  fore-arm  ; 
and  the  other  towards  the  little-finger-side ;  and  they  become 
the  principal  muscles  in  these  movements  respectively  :  but  when 
they  act  together,  their  several  tendencies  to  draw  the  wrist  to 
the  opposite  sides  counterbalance  one  another,  and  they  simply 
assist  the  principal  muscles  in  bending  the  wrist  downwards 
upon  the  fore-arm. 

608.  Almost  every  muscle  has  its  antoffoniit^  which  performs 
an  action  precisely  opposite  to  its  own.  Thus  by  one  set  of 
muscles,  termed  fiexor%^  the  joints  are  bent ;  by  a  contrary  set, 
the  exteniori^  they  are  straightened.  One  set  of  muscles  draws 
the  arm  or  leg  away  from  the  central  line  of  the  body ;  another 
draws  the  limbs  inwards.  One  set,  again,  closes  the  jaws  ;  and 
another  opens  it.  In  short,  we  shall  find  that  probably  every 
muscle  in  the  human  body  has  its  antagonist  in  another  muscle, 
or  in  some  part  of  it.     But  we  find  an  economy  of  muscular 
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substance  in  some  of  the  lower  animals,  where  parts  are  to  l« 
usually  kept  in  a  particular  position,  and  this  is  only  to  be 
changed  occasionally  and  for  a  short  time.  Thus  the  valves  of 
the  Oonchiferous  Mollusca  (§.  124)  are  kept  apart,  not  by  a 
muscle,  but  by  an  elastic  ligament ;  bnt  they  are  closed,  wbea 
the  animal  is  alarmed  and  wishes  to  protect  itself,  by  muacuUr 
action.  In  the  same  manner,  the  sharp  claws  of  the  Gat  tribe 
are  usually  drawn  in  by  an  elastic  ligament,  that  their  points 
may  not  be  worn  away  by  rubbing  against  the  ground ;  whilst 
they  are  forced  outwards  by  the  action  of  a  muscle  provided  for 
the  purpose,  when  the  animal  desires  to  fasten  them  into  itsprej. 

609.  We  commonly  find  that,  in  order  to  preserve  tbe 
necessary  form  of  the  animal  body,  muscles  are  applied  at  a 
great  mechanical  disadvantage,  as  regards  the  exercise  of  tbeir 
pofoer ;  that  is,  a  much  larger  force  is  employed,  than  would 
suffice,  if  differently  applied,  to  overcome  the  resistance.  But 
we  generally  find  that,  in  this  as  in  other  forms  of  lever  action, 
what  is  lost  in  power  is  gained  in  time ;  and  thus  a  very  slight 
change  in  the  length  of  a  muscle  is  sufficient  to  produce  a  con- 
siderable movement. 

610.  The  first  source  of  disadvantage  results  from  the  Ji- 
rectum  in  which  the  muscle  is  attached  to  the  bone.  This  is 
rarely  at  right  angles  to  it ;  and  consequently  a  considerable 
part  of  the  power  is  lost  (see  Meghan.  Philos.,  §.  299),    Thns 

»       a        if  the  muscle  m  (Fig.  203),  whose 

Jl  force  we  shall  suppose  equal  to  10, 

"*    ^ .  mk^^^        ^  fixed  at  right  angles  to  the  bone 

^^^     ....  y/^   ^  In  whose  extremity  a  is  movable 

..''•-^^^^\.y/     ^  upon  the  point  of  support  r;  its 

*  '"  ..  -     t/  ;  force  of  contraction  will  be  most 

>i      6     /  advantageouslyapplied  to  overcome 

Fia  SOS.  the  resistance,  and  will  draw  the 

bone  from  the  position  a  b  into  the  direction  a  e,  making  it  traverse 

a  space  which  we  shall  also  represent  by  10.     But  if  this  muscle 

act  obliquely  on  the  bone,  in  the  direction  of  the  line  n  b  for 

example,  it  will  be  quite  otherwise;  for  it  will  then  tend  to  draw 

the  bone  in  the  direction   6n,  and   consequently  to  make  it 


ACTION   OF   MUSCLES   ON    BONES.  451 

approach  the  articular  surface  r.  But  as  this  bears  upon  an 
immovable  socket,  and  as  the  bone  can  move  in  no  other  way 
than  by  turning  upon  the  point  r,  as  upon  a  pivot,  the  contraction 
of  the  muscle  to  the  same  amount  as  before  will  carry  the  bone 
no  farther  than  into  the  direction  ad;  three  quarters  of  the  force 
employed  will  thus  be  lost,  and  the  resulting  effect  will  be  no 
more  than  one-fourth  of  that,  which  the  same  power,  applied 
perpendicularly  to  the  bone,  would  have  produced. 

611.  Now  in  the  animal  body,  we  usually  find  that  the  mus- 
cles are  inserted  so  obliquely,  that  their  power  is  applied  at  a 
great  disadvantage  ;  but  this  disadvantage  is  rendered  much  less 
than  it  would  have  otherwise  been,  by  a  very  simple  con- 
trivance,— ^the  very  enlargement  of  the  bones  at  the  joints, 
which  is  necessary  to  give  them  the  required  extent  of  surface 
for  working  over  each  other.  Thus,  let  r  and  o 
(Fig.  2M)  be  two  bones  connected  by  a  joint ;  and  "* 
let  the  muscle  m,  which  moves  the  lower  bone  upon 
the  upper,  be  attached  to  the  former  at  i.  Now  as  ' 
this  muscle  acts  almost  precisely  in  the  line  of  the 
bones  themselves,  almost  all  its  power  will  be  expended     ^■<>-  ^^' 

in  drawing  the  lower  bone  against  the  upper.  But  by  the  enlarge- 
ment of  the  ends  of  the  bones,  as  seen  in  Fig.  205,  the  direction 
of  the  tendon  of  the  muscle  m  is  so  changed,  near  its 
''  insertion  t,  that  the  contraction  of  the  muscle  will 
cause  the  lower  bone  to  turn  upon  the  upper  one  with 
comparatively  little  loss  of  power.     In  the  Knee  we 
find  a  still  greater  change  of  direction  effected,  by  the 
Fio.  SOS.  interposition  of  a  movable  bone,  the  patella  or  knee- 
pan^  in  the  substance  of  the  tendon. 

612.  But  the  advantage  or  disadvantage  with  which  the 
muscles  act  upon  the  bones,  depends  in  great  degree  upon  the 
distance  of  their  point  of  attachment,  from  that  of  the  point  of 
support  on  which  the  bone  moves,  and  from  the  point  at  which 
the  resistance  is  applied.  Every  bone  acted  on  by  muscles  may 
be  regarded  as  a  lener^  having  its  fulcrum  or  point  of  support  in 
the  joint,  its  power  where  the  muscle  is  attached  to  it,  and  its 
weight  where  the  resistance  is  to  be  overcome  ;  and  the  distances 
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of  the  fulcrum  from  the  power  and  the  weight  respectiyely,  are 
termed  the  two  arme  of  the  lever.  Now  on  the  mechanical  prin- 
ciples, fully  explained  elsewhere,  (Mbchan.  Philos.,  §•  2879)  the 
relative  length  of  these  two  arms  governs  the  force  which  is 
necessary  to  overcome  a  given  resistance.  Thus  in  the  Steel- 
yard (Fig.  206),  the  heam  is  divided  into  two  arms  of  unequal 

A  length  at  the  point  of  support  or  fnlcrum  a; 

9  at  the  end  of  the  short  arm,  r,  hangs  the 

^4-  }■"■■'  ■-■ "■  "^p  hody  whose  downward  pressure  we  wish 

y      V  to  determine ;  and  on  the  other,  p^  there 

(y  slides  a   weight,   which    will    halanoe  a 

'  Fio.  808.  greater  or  less  amount  of  pressure  at  the 

opposite  extremity,  r,  according  as  it  is  made  to  hang  from  a 
point  which  is  more  distant  from  the  fulcrum  or  nearer  to  it, — 
that  is,  according  as  the  length  of  the  power-arm  of  the  lever  is 
increased  or  diminished,  that  of  the  weight-arm  remaining  the 
same. 

613.  Now  in  order  that  there  may  be  an  equilibrium,  or 
balancing  between  the  power  and  the  weight,  it  is  necessary  that 
they  should  be  inversely  proportional  to  the  lengths  of  their 
respective  arms  ;  that  is,  the  power  multiplied  by  the  length  of 
its  arm,  should  be  always  equal  to  the  weight  multiplied  by  the 
length  of  Us  arm.     Thus,  ^^ 

to  balance  a  certain  resist-           N^i              S-^.  |G 

ance,  r,  equal  to  10,  and  ^    .  I  .  =  .  .1.  J 


applied  at  the  end  of  a     ^^^ 

lever,    a  hy    whose   length 

we  shall  call  20,  it  is  necea-  ^^M 

sary  that  a  force,  /?,   ap-  F10.807. 

plied  at  the   same  point, 

and  consequently  at  the  same  distance  from  the  fulerum,  «, 

should  also  be  equal  to  10 ;  but,  if  the  power  be  applied  at  the 

point,  e,  which  is  at  only  half  the  distance  from  the  fulcrum,  <r, 

it  must  be  doubled  in  amount,  or  equal  to  20, — since  it  must  be 

sufficient,  when  multiplied  by  its  distance,  10,  from  the  fulcmm 

to  make  200,  which  is  the  product  of  the  resistance,  10,  and  its 

distance  from  the  fulcrum,  20 ;  and  in  like  manner,  if  the  power 
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«« 


be  applied  at  d^  where  its  distance  from  the  fulcrum  is  only  2, 
its  amount  must  be  100,  in  order  that  its  product  with  the  dis- 
tance at  which  it  is  applied  may  be  equal  to  200.  Hence  when  a 
muscle  is  applied  near  the  fulcrum,  while  the  resistance  is  at  a 
distance  from  it,  its  force  must  be  proportionably  greater. 

614.  But  this  arrangement  greatly  increases  the  rapidity  of 
the  motion,  which  is  the  consequence  of  the  muscular  action. 
For  let  us  suppose  that  the  muscle  p  (Fig.  208),  acts  upon  the 
lever,  a  r,  in  such  a  manner  that  its  point  of  insertion,  c,  tra- 
verses a  space  equal  to  5  in  one 
second ;  the  extremity,  r,  of  the 
lever  will  traverse  a  space  equal 
to  25  in  the  same  time,  its  dis- 
tance from  the  fulcrum,  a,  being 
five  times  as  great  as  that  of  the 
point,  c,  from  the  fulcrum. 
Hence  although,  to  raise  a  given 
weight  at  r,  a  power  more  than 
five  times  its  amount  must  be  applied  at  c,  that  power  will  raise 
the  weight  through  a  space  five  times  as  great  as  that,  through 
which  itself  passes  in  the  same  time.  Thus  what  is  lost  in  power 
is  gained  in  time;  and  the  shortening  of  a  muscle,  small  in  amount, 
but  effected  with  sufficient  power,  causes  the  raising  of  a  weight 
through  a  considerable  space. 

615.  We  shall  find"  that  this  is  the  case  in  regard  to  most  of 


Fig.  208. 


Fio.  209. 


the  muscular  actions  in  the  animal  economy.     Thus  the  fore-arm 
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is  bent  upon  the  arm  by  a  muscle,  d^  which  arises  from  the  top 
of  the  latter,  and  which  is  inserted  at  e^  at  a  short  distance  from 
the  elbow-joint.  Hence  its  contraction  to  a  very  slight  extent 
will  raise  the  hand  through  a  considerable  space  ;  but  a  propor- 
tional increase  in  its  power  will  be  required,  to  overcome  any 
resisting  force  in  the  hand.  The  arm  is  straightened  again,  by 
an  antagonist  muscle,  which  lies  on  the  back  of  the  arm,  and 
which  is  attached  to  a  short  projection  made  by  one  of  the  bones 
of  the  fore-arm  behind  the  elbow.  This  muscle  also  acts  at  a 
similar  disadvantage  in  regard  to  power,  and  advantage  in  point 
of  time  ;  in  consequence  of  its  point  of  attachment  being  so  near 
to  the  fulcrum. 

Deicriptum  of  the  Motor  Apparatus  of  Man, 

616.  Before  entering  upon  the  examination  of  the  various 
movements  of  the  lower  animals,  and  of  the  means  by  which  these 
are  effected,  it  will  be  useful  to  acquire  a  general  knowledge  of 
the  structure  of  the  Human  Skeleton,  and  of  the  uses  of  its  se- 
veral parts.  The  skeleton,  which  is  formed  by  the  union  of  200 
bones,  is  divided,  like  the  body,  into  head,  trunk,  and  members. 
The  bones  of  these  parts  will  now  be  separately  described. 

617.  The  Head  is  composed  of  two  parts,  the  cranium  or 
a  p        skull,  and  the  face.     The  cranium  is 

a  bony  case,  of  oval  form,  occupying 
the  upper  an(^back  part  of  the  bead, 
and  serving  for  the  protection  of  the 
brain,  which  is  lodged  in  its  cavity. 
Its  walls  are  made  up  of  eight  bones : 
^  the  frontal,  /,  in  the  region  of  the 
b       mi  J    ax      e     ta       forehead  ;  the  two  parietal  bones,  p^ 

Fio.  210.— Human  Skull  :/.fron-     which    OCCUpy   the  top   and   sidcs   of 

J?!)JSJ!iif ;  S*n^;  m#?^^riir    the  skull ;  the  two  temporal  boncs^  /, 

raaxtllary  ;  J,  malar  or  oheek  bona ;  ^hich  form  the  Walls  of  the  temporal 
mi,  inferior  maxilla ;  na,  anterior  .  •    •     i  i 

opening  of  t)io  nose ;  ta,  auditory  region  ;  the  occipital  bouc,  0,  at  the 
;!^.""n  "■ta'SS^-'.i'.i  back  of  the  head  ;  and  the  sphenoid, 
'^"'^^'  »y  and  the  ethmoid,   which  assist  in 

forming  the  floor  of  the  cavity.     These  bones  are  firmly  united 
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to  each  other  by  sutures,  the  character  of  which  varies  in  dif- 
ferent parts  of  the  craniom,  so  that  they  are  the  better  able  to 
resist  external  violence.  Thus  a  blow  upon  the  top  of  the  arch 
formed  by  the  parietal  bones,  will  tend  to  separate  them  from  each 
other  and  from  the  frontal  bone,  and  to  force  asunder  their  lower 
borders.  Both  these  effects  are  resisted,  by  the  peculiarity  of  the 
snture  which  unites  different  parts  of  the  parietal  bone  to  its 
neighbours.  For  at  the  top  of  the  skull,  the  bones  are  firmly 
held  together  by  the  interlocking  of  the  projections  of  each  ; 
whilst  the  lower  edge  of  the  parietal  bone  is  prevented  from  being 
driven  ontwards  by  the  overlapping  edge  of  the  temporal  bones, 
which  form,  as  it  were,  a  buttress  to  the  arch.  This  same  con- 
trivance prevents  the  temporal  bone  from  being  driven  inwards, 
by  a  blow  on  the  side  of  the  head,  as  it  might  have  otherwise 
been. 

618.  In  the  base  or  floor  of  the  cavity  of  the  cranium,  are 
seen  a  number  of  apertures,  which  serve  for  the  passage  of  the 
blood-vessels  that  supply  the  brain,  and  of  the  nerves  that  issue 
from  it.  One  of  these  apertures,  much  larger  than  the  rest,  and 
situated  in  the  occipital  bone,  serves  for  the  passage  of  the  spinal 
cord ;  and  on  each  side  of  this  aperture,  there  is  a  large  bony 
projection  from  the  under  surface,  termed  the  condyle^  by  which 
the  skull  rests  upon  the  vertebral  column,  and  is  enabled  to  move 
forwards  or  backwards  upon  it.  The  head  is  nearly  balanced 
upon  this  pivot ;  nevertheless,  the  portion  situated  in  front  of 
the  joint  is  more  heavy  than  that  which  is  situated  behind  it, 
and  is,  in  consequence,  not  altogether  counterpoised  by  the  latter. 
Hence  the  muscles,  which,  arising  from  the  back  and  being  at- 
tached to  the  occipital  bone,  tend  to  draw  the  head  backwards, 
and  thus  to  keep  it  upright,  are  more  numerous  and  powerful 
than  those,  which  are  situated  in  front  of  the  vertebral  column, 
and  tend  to  draw  the  head  downwards  and  forwards ;  and  when 
the  former  are  relaxed,  as  in  a  person  sleeping  upright,  the  head 
has  a  tendency  to  fall  forwards  upon  the  chest.  In  no  other 
animal  is  this  joint  situated  so  far  forwards  as  in  Man.  As  we 
descend  the  scale,  we  find  it  nearer  and  nearer  to  the  back  of  the 
skull ;  and  consequently  the  whole  weight  of  the  head  l>ears,  not 
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direct]7  upon  the  spine,  but  upon  the  muscles  and  ligaments  bf 
which  it  is  attached  to  the  vertebral  column. 

619.  On  each  side  of  the  base  of  the  cranium,  we  obsenre  a 
large  rounded  projection,  termed  the  mastoid.  To  this  projec- 
tion (which  we  feel  behind  the  lower  part  of  the  ear)  is  attached 
on  either  side  a  powerful  muscle,  which  passes  downwards  and 
towards  the  central  line  ;  so  that  the  two  muscles  neaily  meet 
at  the  bottom  of  the  neck,  where  they  are  attached  to  the  upper 
edge  of  the  breast-bone.  These  muscles  acting  together,  aerre 
to  draw  the  head  forwards ;  but  either  of  them  acting  separately 
will  turn  it  to  one  side  or  the  other.  In  front  of  these  two  pro- 
jections of  the  skull,  we  notice  the  opening  of  the  external  ear, 
ta;  which,  like  the  di£Eerent  chambers  of  the  internal  ear,  is 
excavated  in  a  portion  of  the  temporal  bone,  which  is  termed 
petrouiy  from  its  very  dense  and  stony  character. 

620.  Th^faee  is  formed  by  the  union  of  fourteen  bones;  and 
presents  five  large  cavities,  which  serve  for  the  lodgment  and 
protection  of  the  organs  of  sight,  smell,  and  taste.  All  the  bones 
of  the  face,  with  the  exception  of  the  lower  jaw,  are  completely 
immovable,  and  are  firmly  united  to  each  other  and  to  the  bones 
of  the  cranium  (§.  617)*  The  two  principal  are  the  wperior 
maxillary  (m  «,  Fig.  210),  which  form  nearly  the  whole  of  the 
upper  jaw,  and  which  are  connected  with  the  frontal  bone,  in 
such  a  manner  as  to  contribute  to  the  formation  of  the  orbital 
cavities  in  which  the  eye  is  lodged,  and  of  the  nasal  cayities 
which  form  the  interior  of  the  nose;  they  also  constitute  the  front 
of  the  roof  of  the  mouth  ;  on  the  sides  of  the  face,  they  articulate 
with  the  malar  or  eheek^honea^  j ;  and  behind  with  the  palate* 
bones,  which  form  the  back  part  of  the  roof  of  the  mouth.  These, 
in  their  turn,  are  united  to  the  sphenoid. 

621.  The  orbits,  as  we  have  already  seen  (§.  538),  are  two 
deep  cavities,  of  a  conical  form, — the  base  of  the  cone  being 
directed  forwards,  and  the  apex,  or  point  of  it,  backwards;  the 
roof  of  these  cavities  is  formed  by  a  portion  of  the  frontal  bone, 
and  their  floor  chiefly  by  the  superior  maxillary.  Their  inside 
wall  is  formed  by  the  ethmoid  bone,  and  by  the  small  bone 
termed  the  lachrjrmal,  in  which  is  the  canal  for  the  passage  of 
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the  tears  into  the  nose  (§.  540)  ;  and  the  outside  wall  is  com- 
posed of  part  of  the  cheek-bone,  and  of  a  portion  of  the  sphenoid, 
— the  latter  also  bounding  the  cavity  at  its  deepest  part,  and 
containing  the  apertures  which  serve  for  the  passage  of  the  optic 
and  other  nerves  that  enter  the  orbit  from  the  cranium.  In  the 
roof  of  the  orbit,  on  its  outer  side,  there  is  a  broad  shallow  pit 
or  depression,  in  which  the  lachrymal  gland  is  lodged. 

622.  The  greater  part  of  the  nose  is  formed  by  cartilages ; 
so  that,  in  the  bony  skull,  the  anterior  opening  of  the  nasal 
cavity  (n  a.  Fig.  210)  is  Yery  large ;  and  the  bony  portion  of  the 
nose,  formed  by  the  two  small  bones,  termed  ncual  (n),  projects 
bat  slightly.  The  nasal  cavity,  divided  in  the  middle  by  a  ver- 
tical partition,  into  two/oM^e,  or  excavations,  is  very  extensive  ; 
at  the  upper  part,  it  is  hollowed  out  in  the  ethmoid  bone,  the 
whole  interior  of  which  is  made  up  of  large  cells ;  its  floor  is 
formed  by  the  arch  of  the  palate,  which  separates  it  from  the 
mouth  ;  behind  it  extends  as  far  as  the  back  of  the  mouth,  and 
communicates  with  the  pharynx  by  two  apertures  termed  the 
posterior  nares  (Fig.  189,  c).  The  partition  between  the  fossce 
is  formed  at  the  upper  part  by  a  plate  that  projects  downwards 
from  the  ethmoid  bone,  and  at  the  lower  by  a  distinct  bone  called 
the  vomer  (or  ploughshare)  from  its  peculiar  form  ;  to  the  front 
edge  of  this  last  is  attached  a  cartilage,  which  continues  the  par- 
tition forwards  into  the  soft  projecting  portion  of  the  nose.  It 
is  through  the  thin  horizontal  plate  of  the  ethmoid  bone,  which 
separates  the  nasal  cavity  from  that  of  the  skull,  that  the 
olfactory  nerves  make  their  way  out  from  the  former  into  the 
latter ;  they  descend  in  numerous  branches,  for  the  passage  of 
which  through  the  roof  of  the  nose,  this  plate  is  perforated  by  a 
number  of  small  apertures,  which  give  it  a  sieve-like  aspect ; 
whence  it  is  called  the  crihri/orm*  plate  of  the  ethmoid.  The 
cavity  of  the  nose  is  further  extended,  by  its  connection  with  the 
sinutei  or  excavations  that  exist  in  the  lower  part  of  the  frontal 
bone  (where  they  sometimes  cause  a  considerable  projection 
above  the  eyes),  in  the  superior  maxillary  bones,  and  in  the 

*  From  the  Latin,  cribrum,  a  sieTe. 
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iphenoid  (see  Fig.  189).  Tlie  surface  of  the  muoons  membnne 
which  lines  it,  and  on  which  its  nerves  are  distribated  (§.  506), 
is  also  extended,  by  being  carried  orer  a  set  of  bones,  termed 
spongj'  bones,  which  hang,  as  it  were,  from  the  side  walls  of  the 

623.     It  is  in  the  superior  mazill&ry  bone,  that  all  the  teeth 

of  the  upper  jaw  are  implanted  ia  Man ;  but  in  the  infant,  thii 

,  f    „        „         „  bone  is  composed  of 

several  pieces;  and 

one  of  theM  pieces, 

im    termed    the    wier- 

"  maxillaryhoDe,  (m, 

'     Fig.  211,)  remains 

permanently    sspa- 

rate  in  most  of  the 

>■;■  US  c  lower  animals.   The 

iBiMiBiiimKr;  ii(,  infaHor'mMtiUrr;  ii,ofWij(.H"ii»r  Man,  aleo,  is  com- 

t«th  i  ..  amis..,  ■«,  mul«.  ^^^^  j^^^  ^j  ^  ^^^^ 

piece  ;  though  this  is  divided  in  the  infant  on  the  central  line, 
and  the  two  halves  remain  separate  in  many  of  the  lower 
animals.  This  hone  ha«  a  general  resemblance,  in  form,  to  « 
horse-shoe  with  its  extremities  tnmed  up  considerably.  It  ia 
articulated  with  the  temporal  bones  by  a  eondi/U  or  projecting 
head,  with  which  each  of  these  extremities  is  furnished ;  and 
this  head  ia  received  into  what  is  termed  the  glmoid'  cavity  on 
the  under  side  of  the  temporal  bone.  In  front  of  the  condyle  b 
another  projection,  or  proettt,  termed  the  coronoid,  (a.  Fig.  104,) 
which  serves  for  the  attachment  of  one  of  the  prindpal  mnsdea 
that  raise  the  Jaw.  These  muscles  are  all  attached  near  the 
anifle  of  the  jaw  (or  the  point  at  which  it  bends  upwards),  and 
they  consequently  act  at  a  small  distance  from  its  fulcmm,  whilst 
the  redstance  is  applied  at  the  furthest  point  (§.  189).     W«  are 


MUSCLES   OP   THE   FACE.  459 

continually  reminded  of  the  loss  of  mechanical  power  whicli 
resnlts  from  this,  by  our  inability  to  exercise  the  same  force  with 
our  front  teeth,  that  we  can  employ  with  the  back.  Thus,  when 
we  wish  to  crack  a  nut,  or  to  crush  any  hard  substance  between 
the  teeth,  we  almost  instinctively  carry  it  to  the  back  of  the 
jaws,  so  as  to  be  nearer  the  joint,  and  thus  to  receive  more  of 
the  power  of  tlie  muscle. 

624.  The  general  arrangement  of  the  chief  muscles  of  the 
face  is  seen  in  Fig.  212.  The  largest  is  the  z 
temporal  muscle,  <,  the  fibres  of  which  arise  ^ 
from  an  extensive  surface  of  the  parietal  and 
temporal  bones,  and  then  converge  or  ap- 
proach each  other,  passing  under  the  bony  ^  " 
arch  or  zygoma^  z  (  which  is  partly  formed  by  i 
a  process  from  the  temporal  bone,  and  partly 
by  the  malar  or  cheek  bone),  to  be  attached 
to  the  coronoid  process  of  the  lower  jaw.  This  muscle  is  of  ex- 
traordinary power  in  those  beasts  of  prey,  which  lift  and  drag 
heavy  carcases  in  their  jaws ;  and  in  those  which  (like  the 
Hysna)  obtain  their  support  by  crushing  the  bones  which  others 
have  left.  It  is  assisted  by  the  nuuseUr  muscle,  m,  which 
passes  from  the  zygomatic  arch  and  cheek-bone,  to  the  angle  of 
the  lower  jaw  ;  and  also  by  other  muscles.  Besides  these,  the 
figure  shows  the  ring-like  muscle  or  sphincter,  o,  which  sur- 
rounds the  opening  of  the  eye,  and  serves  by  its  contraction  to 
close  the  lids ;  and  also  the  similar  muscle,  hj)^  which  surrounds 
the  mouth,  and  draws  together  the  lips.  The  antagonists  to 
these  are  several  small  muscles,  which  form  the  fleshy  part  of  the 
face,  and  produce  the  various  changes  by  which  its  expresnon  is 
given.  These  muscles  are  more  numerous  in  Man  and  the 
Monkey  tribe  than  in  any  other  animals. 

625.  Besides  the  22  bones  of  which  the  skull  is  properly 
composed,  we  may  reckon  as  belonging  to  it  the  four  small 
bones  which  form  part  of  the  apparatus  of  hearing  (§.  516)  ; 
and  also  the  hyoid  bone,  which  lies  at  the  root  of  the  tongue  and 
at  the  top  of  the  larynx  (Fig.  105).  This  last  bone  in  Man 
and  the  Mammalia  generally,  is  connected  with  other  parts  of 
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the  skeleton,  only  by  ligaments  and  muscles ;  but  in  Birds  it  is 
connected  with  the  temporal  bone  on  each  side,  by  a  set  of  bony 
pieces  jointed  together,  like  links  in  a  chain. 

626.  The  most  important  part  of  the  Trunks  and  even  of 
the  ^hole  skeleton, — that  which  serves  to  sustain  the  rest,  and 
which  varies  the  least  in  the  different  classes  of  Yer- 

tebrated  animals, — is  the  »pinal  or  vertebral  column. 
The  general  conformation  of  this  has  been  already 
described  (§.  64).     In  Man  it  consists  of  33  ver- 
tebrsd,  which  are  arranged  into  five  divisions ; — I. 
The  cervical  vertebrao,  c^  or  vertebrsB  of  the  neck,  of 
which  there  are  7;  H.  The  dorscd  vertebrsB,  d^  or 
vertebrsa  of  the  back,  of  which  there  are  12  ; — III. 
The  lumbar  vertebr»,  /,  or  vertebrae  of  the  loins,  of 
which  there  are  5  ; — IV.  The  sacral  vertebr»,  #,  of 
which  also  there  are  5  ; — and  V.  The  coccygeal  ver- 
tebras, 00,  of  which  there  are  4.  All  these  vertebras  are 
separate  at  the  time  of  birth  ;  but  the  5  sacral  ver- 
tebras  are  soon  afterwards  united  into  one  piece, 
forming  the  bone  which  is  termed  the  sacrum  ;  and  VsnnaiuL 
the  coccygeal  vertebras  are  also  commonly  united 
into  one  piece,  the  coccyx^  which  is  not  unfrequently  united  in 
old  age  to  the  sacrum.     In  old  persons,  too,  it  is  not  uncommon 
for  the  lumbar  vertebras  to  be  united  together,  by  bony  matter 
deposited  in  their  cartilages  and  ligaments. 

627.  The  dorsal  vertebras  are  distinguished  from  the  cervical 
and  lumbar,  as  being  those  to  which  the  ribs  are  attached.  It 
is  remarkable  that  the  number  of  the  cervical  vertebras  should  be 
the  same  in  all  the  Mammalia ;  the  long-necked  Giraffe  having 
only  7 ;  And  the  Whale,  whose  head  seems  to  be  joined  to  its 
body  without  the  intervention  of  any  neck,  also  having  7  cer- 
vical vertebras,  although  they  are  almost  as  thin  as  a  sheet  of 
paper.  It  is  owing  to  the  small  number  of  joints  in  its  neck, 
that  the  movements  of  the  head  of  the  Giraffe  are  far  less  grace- 
ful than  those  of  the  Swan  and  other  long-necked  Birds,  in 
whom  the  number  of  cervical  vertebras  is  much  greater.     The 
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following  table  shows  the  number  of  yertabne  in  animals  of  dif- 
ferent groups. 


Mammalia, 

Dcrrtcal. 

Doraal. 

Lumbar. 

Sacnl.  ( 

CoecTKcai. 

Total. 

Man 

7 

12 

5 

5 

4 

S3 

Long-tuled  Monkey     . 
Lion     •         .         .     . 

7 
7 

12 
13 

7 

7 

3 
3 

31 
26 

60 
56 

Long-tailed  Opoaaum   . 
Long-tailed  Ant-Eater. 

7 

7 

16 
16 

6 
3 

2 
6 

36 
40 

64 

72 

Elephant 

Giraffe .         .         .     . 

7 
7 

20 
14 

3 
6 

4 
4 

27 
18 

61 
48 

Whale 

7 

15 

9 

1 

27 

59 

Birds. 

Valtnre          .         .     . 

15 

7 

— . 

13 

6 

41 

Swallow     . 

13 

7 

— 

10 

7 

37 

Turkey          .         .     . 
Ostrich 

14 
18 

7 
9 

z 

15 
19 

6 
9 

42 
55 

Crane   . 

17 

10 

— 

15 

6 

48 

Swan 

23 

11 

— 

16 

'8 

58 

Reptiles. 

Tortoise         .         .     . 

9 

10 

— 

3 

"20 

42 

Monitor  (Lizard) 

6 

21 

2 

2 

115 

146 

Python  (Boa)           .     . 
Rattle-Snako 

z 

320 
171 

■• 

— 

102 
36 

422 

207 

Land  Shlamander    .     . 

1 

14 

'— 

"l 

26 

44 

Azolote     . 

2 

18 

— 

— 

42 

42 

Fishes. 

Perch             .         •     . 

.^ 

21 

-~ 

_ 

21 

42 

Mackerel    . 

__ 

15 

— 

— 

16 

31 

Trichiurui               .     . 

— . 

60 

— 

— 

100 

160 

Salmon 

.^^     . 

34 

.. 

— 

22 

56 

Cod      .          ... 

— 

19 

— 

.-^ 

34 

53 

Conger  Eel 

Electric  Eel  .         .     . 

— 

60 

— 

^— 

102 

162 
236 

Shark 

— 

95 

— 

— 

1    270 

365 

We  see  from  the  above  table,  that  it  is  by  the  mulUpIicatioii 
of  the  coccygeal  vertebrs,  that  the  tail  is  prolonged  in  those  ani- 
mals which  possess  it.  In  fact,  it  is  only  in  Man,  and  in  those 
of  the  Ape  tribe  which  approach  nearest  to  him,  that  the  number 
is  as  low  as  4. 

628.  It  has  been  already  noticed  ($.  64)  that  the  enential 
character  of  the  vertebra  conmsts  in  being  perforated  by  an  aper- 
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tore  (Fig.  215),  which,  when  several  vertehrsd  are  united  toge- 
ther, forms  a  continuous  tube  or  canal  for  the  ^ 
lodgment  of  the  spinal  cord.  This  character  is 
usually  lost,  however,  in  the  coccygeal  vertebras ; 
which  are  so  much  contracted  and  simplified,  as 
to  contain  no  aperture.  The  purpose  of  the  divi- 
sion of  the  spinal  column  into  so  large  a  number  b 
of  separate  bones,  is  obviously  to  allow  of  consider-  Fro.  sis— sinols 
able  freedom  of  motion,  by  a  slight  change  of  *»"bba. 
place  in  the  individual  parts;  whilst  any  sudden  bend,  which 
would  be  injurious  to  the  spinal  cord,  is  avoided.  Each  vertebra 
consists  of  a  solid  bodi/  (^i),  which  is  situated  in  front  of  the 
spinal  canal  in  Man,  but  below  it  in  animals  whose  back  has  a  hori- 
zontal position,  and  which  serves  to  give  solidity  to  the  structure, 
— and  of  processes  or  projections  {b  and  c),  that  serve  to  form  the 
spinal  canal,  and  to  unite  the  vertebrae  to  each  other.  In  Man^ 
and  other  warm-blooded  animals,  the  two  surfaces  of  the  body 
are  nearly  flat  and  are  parallel  to  each  other;  and  they  are 
united  to  the  corresponding  surfaces  of  the  neighbouring  vertebne 
by  a  disc  of  fibro-cartilage  (§.  45),  which  extends  through  the 
whole  space  that  intervenes  between  them,  and  which,  being 
firmly  adherent  to  both,  prevents  them  from  being  far  separated 
from  each  other. 

629.  But  in  Reptiles  and  Fishes,  a  difierent  plan  is  adopted. 
In  the  animals  of  the  former  class,  particularly  in  Serpents,  we 
find  one  surface  of  each  vertebra  convex  or  projecting,  and  the 
other  concave  or  hollowed  out ;  and  the  convex  surface  of  each 
vertebra  fits  into  the  concave  surface  of  the  next,  in  such  a  man- 
ner that  the  whole  spinal  column  becomes  a  series  of  ball-and- 
socket  joints,  and  is  thus  endowed  with  that  flexibility  which  is 
essential  to  the  peculiar  movements  of  these  animals.  In  Fishes, 
both  surfaces  are  concave ;  and  between  each  vertebra  there  is 
interposed  a  bag  containing  fluid,  and  having  two  convex  sur- 
faces, over  which  those  of  the  vertebrae  can  freely  play.  Extreme 
facility  of  movement  is  thus  given  to  the  spinal  column  ;  but  its 
strength  is  proportionally  diminished.  It  is  to  be  remembered, 
however,  that  strength  is  not  required  in  the  bony  framework 

1  I  2 
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of  animals  whose  bodies,  instead  of  being  supported  upon  four 
fixed  points,  are  buoyed  up  in  every  part  by  a  liquid  of  nearly 
the  same  density  with  themselves.  The  extreme  flenbility  of 
the  spine  of  Fishes,  enables  them  to  propel  their  bodies  by  the 
movements  of  the  hinder  portion  and  tail,  from  side  to  side ;  their 
members,  or  pectoral  and  ventral  fins  (§.  99),  being  but  little 
used,  except  for  influencing  the  direction  of  their  motion.  And 
thus  we  see  that,  in  the  lowest  Yertebrata,  as  in  the  lower  Aiti- 
culata  (sucb  as  the  Leech  and  Earth-worm),  the  propulaon  of 
the  body  being  accomplished  by  the  movements  of  the  tmnk 
itself,  its  skeleton  (internal  in  the  one  case,  external  in  the 
other)  is  left  in  the  soft  condition,  which  it  has  in  all  at  an  early 
period ;  whilst  in  the  higher  classes  of  both  series, — ^Birds  and 
Insects,  for  example, — it  undergoes  great  consolidation,  its  vari- 
ous pieces  being  so  knit  together,  as  to  make  the  tmnk  almofit 
immovable ;  the  extremities  being  so  developed,  and  being 
furnished  with  muscles  so  powerful,  that  the  function  of  loco- 
motion is  entirely  committed  to  them. 

630.     This  knitting  together  is  partly  accomplished  by  means 
of  projections  or  processes  from  the  several  vertebrsB,  which  are 
united  to  one  another  by  muscles  and  ligaments.     Of  these  pro- 
cesses there  are  seven  in  Man  from  each  vertebra.    One  of  these, 
termed  the  spinous  process  (by  Fig.  215),  projects  directly  back- 
wards ;  and  thus  is  formed  the  prominent  ridge  on  the  back,  in 
which  the  ends  of  these  projections  can  be  distinguished.    The 
spinous  processes  serve  in  Man,  to  give  attachment  to  the  muscles, 
by  which  the  trunk  and  head  are  kept  erect ;  in  Animak  whose 
spine  is  horizontal,  they  are  generally  much  longer,  in  order  to 
give  firm  attachment  to  the  muscles  and  ligaments  which  sap- 
port  the  head  (Fig.  18).     And  in  Fishes  they  are  greatly  pro- 
longed, in  order  to  increase  the  surface,  by  the  stroke  of  which 
from  side  to  side,  the  body  is  propelled  through  the  water.    On 
each  side  of  the  vertebra  is  a  process  (c.  Fig.  215),  whidi  is 
called  transwrge;  this  serves  for  the  attachment  of  the  ribs  to 
the  vertebra.     And  lastly,  from  the  upper  and  under  side  of 
each  vertel^ra,   two  articulating  processes  project,  which  lock 
against  each  other  in  such  a  manner,  as  to  prevent  the  movements 
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of  the  yertebrae  from  being  carried  to  an  injurious  extent.  These 
processes  are  peculiarly  long  in  Birds,  where  they  almost  com- 
pletely check  the  movements  of  the  dorsal  vertebras ;  thereby 
giving  to  the  trunk  that  firmness,  which  is  required  for  the  attach- 
ment of  the  muscles  of  the  wings.  The  portions  of  bone  which  pass 
backwards  from  the  body  to  the  transverse  processes,  and  form 
the  side  wall  of  the  spinal  canal,  are  called  the  archa  of  the  verte- 
brae. These  are  the  parts  first  formed.  On  the  under  edge  of 
each,  there  is  a  notch,  which  corresponds  with  one  in  the  upper 
side  of  the  next ;  in  such  a  manner  that,  when  two  vertebne 
are  placed  together,  a  complete  foramen  or  aperture  is  formed, 
which  serves  for  the  passage  of  the  nerves  that  are  given  off  from 
the  Spinal  Cord  (§.  467). 

631.  The  vertebral  column  of  Man  is  disposed  in  a  double 
curve,  as  seen  in  Fig.  214 ;  the  effect  of  this  is  to  diminish  the 
shock  that  would  be  produced  by  a  sudden  jar^  —such  as  when 
a  man  jumps  from  a  height  upon  his  feet.  If  the  vertebral 
column  had  been  quite  straight,  this  jar  would  have  been  pro- 
pagated directly  upwards  from  the  pelvis  to  the  head,  and  would 
have  produced  very  injurious  effects  upon  the  brain ;  but  by 
means  of  the  double  curvature,  and  the  elasticity  of  the  liga- 
ments, Sec.  which  hold  together  the  vertebrsB,  it  is  chiefly  ex- 
pended in  increasing,  for  a  moment  the  curves  of  the  spine, 
which  thus  acts  the  part  of  a  spring.  The  constant  pressure  of 
the  head  and  upper  part  of  the  trunk,  has  a  tendency  to  increase 
these  curves  permanently,  and  thus  to  diminish  the  height  of  the 
body.  The  elasticity  of  the  intervertebral  substance,  however, 
causes  it  to  recover,  during  the  time  when  the  body  is  in  the 
horizontal  posture,  the  form  it  had  lost  by  pressure  in  the  up- 
right position ;  and  thus  a  man  is  taller,  by  half  an  inch  or  more, 
when  he  rises  in  the  morning,  than  he  was  when  he  lay  down  the 
night  before. 

632.  The  first  vertebra  of  the  neck,  termed  the  (Uloi^  is  much 
more  movable  than  the  rest,  and  differs  considerably  from  them 
in  its  form.  It  is  destitute  of  body ;  but  it  has  a  broad  smooth 
surface  on  either  side,  on  which  rest  the  condyles  of  the  occipital 
bone  of  the  skull  (§.  618),  in  such  a  manner  that  the  head  is 
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free  to  nod  backwards  and  forwards.  The  atlas  itself  turns  upon 
a  sort  of  pivot,  formed  by  an  apward  projection  from  the  next 
Vertebra,  which  is  termed  the  <mt ;  this  projection,  called  from 
its  form  the  proceuuM  denUUut  (or  tooth-like  process),  occnpiet 
the  place  of  the  body  of  the  atlas ;  and  by  the  rotation  of  the 
atlas  around  it,  the  movementa  of  the  head  from  side  to  side  an 
accomplished.  Wherever  great  freedom  of  motion  is  permitted, 
displacement  or  dislocation  is  necessarily  more  easy;  and  ac- 
cordingly we  find  that  the  atlas  and  axis  can  be  more  easily 
separated  from  each  other,  than  can  any  other  two  vertebne. 
This  dislocation  may  be  produced  by  violence  of  dififerent  kinds; 
thus  if  the  head  be  suddenly  forced  forwards,  while  the  neck  is 
held  back,  the  tooth  of  the  axis  may  be  caused  to  press  against 
the  spinal  cord,  and  thus  to  interrupt  or  completely  check  its 
functions.  Or,  again,  if  the  weight  of  the  body  be  suspended 
from  the  head,  and  especially  if  it  be  thrown  upon  it  with  a 
jerk,  the  two  vertebrsB  are  liable  to  be  dragged  asunder,  and  the 
spinal  cord  to  be  stretched  or  broken.  This  is  sometimes  tlie 
immediate  cause  of  death  in  hanging ;  and  it  has  not  nnfre- 
quently  occurred  when  children  have  been  held  in  the  air,  by  the 
hands  applied  to  the  head, — ^a  thing  often  done  in  play,  bat  of 
of  which  the  extreme  danger  should  prevent  its  ever  being  prac- 
tised. Any  serious  injury  of  the  spinal  cord  in  this  r^ion 
must  be  immediately  fatal,  for  the  reason  formerly  stated 
(§•  47O), — that  it  causes  the  suspension  of  the  motions  of 
respiration. 

633.  The*  number  of  the  ribs,  which  are  attached  to  the 
bodies  and  transverse  processes  of  the  dorsal  vertebrse,  is,  in  the 
human  species,  12  on  each  side.*  The  number  in  difoeot 
animals  may  be  judged  of  by  that  of  the  dorsal  vertebrsB  in  the 
table  already  given  (§.  627) ;  since  it  is  the  attachment  of  the 
ribs,  that  makes  the  essential  difference  between  the  dorml  ver- 
tebrsB  and  the  cervical  or  lumbar.  The  other  extremity  fA  e*ch 
rib  is  connected  with  a  cartilage,  which  is  a  sort  of  continuation 
of  it ;  in  Birds,  the  cartilages  of  the  ribs  are  ossified  or  convertrd 

•  It  is  •carcely  necenary  here  to  sUte,  that  the  common  notion  retpeelbf  tlje 
deficiency  of  a  rib  on  one  side  of  the  bodj  of  Man,  ii  a  popular  eitor. 
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into  bone.     The  cartili^^  of  the  first  seven  ribs  (in    ]tUn), 
which  are  termed  the  true  ribs,   are  united  to  the  tternam  or 
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breut-bone,  which  forma  the  firoDt  wall  of  the  thorax.  The 
cartilages  of  the  five  lower  riha  are  not  directly  connected  with 
this,  and  they  are  hence  called/a/w  ribs;  those  of  three  of  them, 
however,  are  connected  with  the  cartilage  of  the  seventh  rib ; 
and  the  other  two  riba,  being  completely  unattached  at  their 
anterior  ends,  are  termed  Jioaling  ribs.  The  tlemum  or  breast- 
bone is  flat  and  of  simple  form  in  Man  ;  but  it  is  much  larger 
in  many  other  animab.  In  those  which  have  need  of  great 
strength  in  the  npper  limbs,  such  as  Birds,  BatSt  and  Moles,  it 
is  not  only  increased  in  breadth,  but  is  fnmished  with  a  prnject- 
ing  keel  or  ridge,  for  the  attachment  of  powerful  muscles  (§.  8!)). 
In  the  Turtle  tribe,  on  the  contrary,  it  is  very  much  extended  on 
the  sides,  so  as  to  afford,  with  the  ribs,  a  complete  protection  to 
the  contained  parte  (§.  92). 
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634.  We  have  next  to  consider  the  stnictare  of  the  members 
or  appendages,  which  are  attached  to  this  central  frame-work. 
These  are  spoken  of  as  superior  and  in/eriary  when  treating  of 
Man,  whose  erect  posture  places  one  pair  ahove  the  other.  Bat 
when  the  ordinary  Quadrupeds  are  alluded  to,  they  are  termed 
anterior  and  posterior^  one  pair  being  in  front  of  the  other.  Each 
member  consists  of  a  set  of  movable  bones,  which  serve  as 
levers ;  but  the  socket  in  which  the  first  of  these  works,  is  formed 
by  a  bony  framework,  which  is  connected  more  or  less  closely 
with  the  spinal  column.  Tliis  framework,  in  the  upper  extre- 
mity, consists  of  the  SceqnUa  or  blade-bone,  and  the  Clavide  or 
collar-bone.  In  the  lower  extremity,  it  is  formed  by  a  set  of 
bones,  the  union  of  which  with  the  sacrum  completes  the  Petm 
or  bason,  which  is  found  at  the  bottom  of  the  spinal  column 
(Fig.  213). 

635.  The  Scapula  is  a  large  flat  bone,  which  occupies  the 
upper  and  external*  part  of  the  back.  Its  form  is  somewhat 
triangular ;  and  at  its  upper  and  external  angle,  is  a  broad  bat 
shallow  cavity,  destined  to  receive  the  head  of  the  humeras  or 
arm -bone.  Above  this  cavity  is  a  large  projection,  termed  the 
acromion  process^  which  is  united  by  ligaments,  &c,  with  the 
external  end  of  the  clavicle,  and  thus  forms  the  bony  eminence 
that  we  feel  at  the  top  of  the  shoulder.  A  little  internally  to 
this,  we  find  another  process,  the  ooraeoid,  which  only  serves  in 
Man  for  the  attachment  of  certain  muscles,  but  which  in  Birds 
is  developed  into  a  distinct  bone  (§.  89).  The  back  surface  of 
the  scapula  is  divided  into  two,  by  a  projecting  ridge  or  keel, 
which  gives  a  more  extensive  and  firmer  attachment  to  the 
muscles  that  arise  ftx>m  it.  The  scapula  is  never  deficient  in 
animals  that  possess  a  superior  extremity,  though  sometimes  it 
is  very  narrow.  The  muscles  attached  to  it  are  chiefly  those 
which  draw  the  arm  upwards,  and  which  turn  it  on  its  axis. 
In  Man,  their  actions  are  very  numerous  and  varied ;  but  in 
animals  that  only  use  their  extremities  for  giving  motion  to  the 
body,  the  muscular  apparatus  is  much  simpler,  and  the  scapula 

•  The  term  external  is  continually  nted  in  Anatomy,  to  describe  the  parti 
furthest  KinoTed  from  tbe  eeniral  or  median  line  of  tbe  body. 
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is  narrower.  This  is  particularly  the  case  in  Birds^  the  raising 
of  whose  wings  in  flight  is  an  action  that  requires  yery  little 
power,  though  for  their  depretnan  or  puUing-down,  great  mus- 
cular force  is  needed. 

636.  The  Clavicle  is  a  rounded  hone,  attached  at  one  extre- 
mity to  the  acromion  process  of  the  scapula,  and  at  the  other  to 
the  top  of  the  sternum.  Its  principal  use  is  to  keep  the  shoul- 
ders separate;  and  we  accordingly  find  it  strongest  in  those 
animals,  the  actions  of  whose  superior  extremities  tend  to  draw 
them  together ;  whilst  it  is  comparatively  weak,  or  altogether 
deficient,  in  the  animals  the  actions  of  whose  limbs  naturally  tend 
to  keep  them  asunder.  Thus  we  have  seen  that,  in  Birds,  the 
violent  drawing  down  of  whose  wings  in  flight  would  tend  to 
bring  the  shoulders  together,  if  they  were  not  prevented,  there  is 
not  only  a  strong  clavicle,  but  usually  a  second  bone,  having 
a  similar  function  (§.  89).  Whilst,  in  the  Horse  and  other 
animals  the  bearing  of  whose  weight  on  their  fore  legs  would 
tend  rather  to  separate  the  shoulders  than  to  bring  them  toge- 
ther, the  clavicle  is  deficient. 

637.  The  Scapula  is  connected  with  the  central  framework 
of  the  skeleton,  by  various  muscles  which  pass  towards  it  from 
the  spinal  column  and  ribs ;  and  which  serve  alike  to  fix  it,  and 
to  assist  in  sustaining  the  weight  which  it  sometimes  has  to 
bear.  In  Man  these  are  numerous,  and  their  actions  are 
various ;  since  the  scapula  is  left  very  movable  in  him,  that  the 
actions  of  the  arm  may  be  more  free.  In  Quadrupeds  it  is 
generally  more  fixed;  and  the  trunk  is  slung  from  it,  as  it 
were,  by  a  muscle  (the  serratus  magnus)  of  moderate  thickness 
in  Man,  but  in  these  animals  of  great  strength,  which  passes 
from  the  scapula  to  be  attached  to  the  ribs. 

638.  The  fuperiar  or  arUeriar  member  itself  is  divided  into 
three  principal  portions, — the  arm,  fore-arm,  and  hand.  The 
arm  is  supported  by  a  single  long  and  cylindrical  bone,  which  is 
called  the  humerus ;  this  has  a  large  rounded  head,  which  is 
received  into  the  glenoid  cavity  of  the  scapula ;  and  at  the  bot- 
tom, it  assists  in  forming  the  hinge-joint  of  the  elbow.  The 
muscles  which  move  it  are  for  the  most  part  attached  to  its 
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upper  third ;  and  the  chief  of  them  are  the  peetoralit  mc^^ 
which  rises  from  the  sternum  and  cartilages  of  the  ribs^  and 
consequently  draws  the  arm  forwards,  inwards,  and  downwards 
(when  it  is  raised), — the  latiisimut  darsi^  which  rises  firom  the 
spinal  column  and  hinder  part  of  the  ribs,  and  consequently 
dra¥rs  the  arm  backwards,  inwards,  and  downwards, — ^and  the 
delioid^  which  arises  from  the  upper  edge  •f  the  claviele,and 
from  the  ridge  of  the  scapula,  and  is  -^e  chief  muscle  concent^ 
in  raising  the  arm.  The  first  of  these  forms  the  principal  part 
of  the  fleshy  mass  upon  the  fix>nt  of  the  chest,  and  is  the  muscle 
which  is  so  remarkably  developed  in  Birds.  It  forms  also  the 
front  boundary  of  the  axillary  9pao€y  or  hollow  of  the  arm-pit, 
the  hinder  boundary  of  which  is  formed  by  the  second  muscle. 
This  space,  of  which  we  can  distinctly  feel  the  front  and  back 
walls  when  we  raise  the  arm  a  little  from  the  side,  contains  the 
large  vessels  and  nerves  proceeding  to  the  arm,  and  also  a  num- 
ber of  lymphatic  glands  (§.  219).  The  deltoid  muscle  forms 
the  thick  fleshy  mass  on  the  top  of  the  shoulder,  and  the  upper 
part  of  the  outside  of  the  arm. 

639.  In  the  fore-arm  of  Man  there  are  two  long  bones, 
termed  the  Radiui  and  Ulna  ;  which  lie  nearly  parallel  to  each 
other.  The  radius  is  on  the  outer  or  thumb  side  of  the  fore- 
arm ;  and  the  ulna  on  the  inner.  They  are  connected  with  one 
another,  not  only  by  ligaments  at  their  extremities,  but  by  a 
strong  fibrous  membrane  that  passes  between  their  adjacent 
edges,  along  their  entbe  length.  Nevertheless,  they  have  con- 
siderable freedom  of  motion,  not  only  upon  the  humerus,  bat 
upon  each  other.  It  is  by  this  peculiar  conformation,  that  the 
fore-arm  possesses  the  power  of  rotation  on  its  own  axis,  bj 
which  either  the  palm  or  the  back  of  the  hand  may  be  turned 
upwards.  The  ulna  is  connected  with  the  humerus,  at  the 
elbow,  by  means  of  a  hinge-joint,  into  which  the  radius  does  not 
enter.  But  it  is  the  radius  with  which  the  hand  is  connected 
at  the  wrist,  by  a  kind  of  ball-and-socket  joint,  the  ulna  having 
no  direct  share  in  this  articulation.  Hence,  while  both  bones 
move  together  in  bending  or  straightening  the  elbow,  we  can 
make  the  radius  roll  round  the  ulna,  carrying  the  hand  with  it. 
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Tills  movement  is  one  of  yeiy  great  importance,  in  rendering  the 
hand  capable  of  a  great  variety  of  uses,  to  which  it  would  be 
otherwise  inapplicable.  It  is  only  among  the  higher  orders  of 
Quadrupeds,  however,  that  it  can  possibly  be  executed ;  for  in 
the  lower,  the  two  bones  are  united  more  or  less  completely  into 
one,  or  are  articulated  in  such  a  manner  as  to  be  incapable  of 
rotation. 

640.  The  fore-arm  is  bent  upon  the  arm,  chiefly  by  muscles 
that  lie  upon  the  front  of  the  latter ;  of  these  the  principal  is  the 
bic^  or  two-headed  muscle,  which  arises  from  the  coracoid 
process  of  the  scapula,  and  from  the  top  of  the  glenoid  cavity, 
and  is  inserted  into  the  radius  a  little  in  front  of  the  elbow,  form- 
ing a  great  part  of  the  fleshy  mass  in  front  of  the  arm  (Fig.  209). 
The  arm  is  straightened  again  by  a  large  muscle,  the  triceps^  or 
three-headed  muscle,  which  arises  from  the  back  of  the  humerus 
and  scapula,  and  passes  down  to  be  inserted  into  a  projec- 
tion of  the  ulna,  behind  the  elbow  joint,  forming  the  fleshy 
mass  at  the  back  of  the  arm.  The  muscles  which  rotate  the 
fore-arm  arise  from  the  lower  end  of  the  humerus,  or  from  one 
of  its  bones,  and  pass  obliquely  to  the  other. 

641.  The  Hand  is  anatomically  divided  into  three  portions, — 
the  earpui^  metacarpus,  and  fingers.  The  carpus,  which  is  the 
portion  nearest  the  wrist-joint,  is  composed  of  eight  small  short 
bones,  which  are  firmly  united  to  each  other  by  ligaments,  but 
yet  have  a  certain  degree  of  motion  permitted  them ;  these  are 
arranged  in  two  rows,  of  which  one  has  a  rounded  surface,  and 
enters  into  the  formation  of  the  wrist-joint ;  whilst  the  other  has 
a  series  of  shallowed  pits,  to  receive  the  rounded  heads  of  the 
metacarpal  bones.  Tliese  last  almost  precisely  resemble  the  bones 
of  the  fingers  (Fig.  213),  and  in  the  skeleton  might  be  mistaken 
for  their  first  joints;  but,  with  the  exception  of  that  of  the 
thumb,  they  are  all  united  to  each  other  by  ligaments  and 
muscles,  so  as  to  form  the  compact  framework,  which  gives 
support  to  the  palm  of  the  hand.  The  metacarpal  bone  of  the 
thumb  is  much  more  free  in  its  movements ;  and  it  is  chiefly  by 
an  alteration  in  its  direction,  that  the  thumb  can  bo  opposed  to 
the  fingers.     These  are  formed  by  a  series  of  small  bones,  which 
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are  termed  the  phiUanget ;  in  these  there  are  only  two  in  the 
thumb,  whilst  there  are  three  in  the  fingers.  They  are  bent  on 
each  other  chiefly  by  the  action  of  the  muscles  that  occopy  the 
front  of  the  fore-arm  ;  and  they  are  extended  or  straightened  by 
others  that  lie  along  its  back.  These  terminate  in  long  tendons, 
which  are  bound  down  at  the  wrist  by  a  fibrous  band,  that 
stretches  between  the  bony  processes  qu  either  side,  and  is 
termed  the  annular  (or  ring-like)  ligament.  The  tendons  tbea 
spread  asunder  in  the  hand,  and  pass  on  to  be  inserted  into  the 
bones  of  the  several  fingers,  being  reinforced  by  a  set  of  snuJl 
muscles  that  arise  from  the  hand  itself. 

642.  When  we  consider  the  superior  extremity  of  Man  as  a 
whole,  we  remark  that  the  several  levers,  which  are  joined  end- 
to-end  to  form  it,  diminish  progressively  in  length.  Thus  the 
arm  is  longer  than  the  fore-arm ;  the  latter  is  longer  than  the 
wrist ;  and  each  of  the  phalanges  is  longer  than  the  one  which 
succeeds  it.  The  purpose  of  this  arrangement  is  very  evident. 
The  numerous  joints,  in  the  neighbourhood  of  each  other,  which 
woy  see  towards  the  extremity  of  the  limb,  permit  its  sevenl 
portions  to  change  their  place  in  various  ways,  so  as  to  accommo- 
date themselves  to  the  form  of  the  body  which  it  is  desired  to 
grasp ;  whilst  the  long  levers  formed  by  the  arm  and  fore-arm, 
allow  the  place  of  the  entire  hand  to  be  rapidly  changed  to  a 
considerable  extent.  It  is  principally  by  the  movements  of  the 
humerus  upon  the  scapula,  that  the  direction  of  the  limb  is 
given ;  the  bending  or  straightening  of  the  limb  regulates  its 
length ;  whilst  the  movements  of  the  thumb  and  fingers  are 
concerned  in  its  particular  application. 

643.  The  hand  of  Man  is  distinguished  from  the  extremity 
of  most  Quadrupeds  by  its  possession  of  an  oppoiobls  tkumh^-^ 
that  is,  of  a  finger  which  can  be  made  to  act  in  a  direction  oppo- 
site to  that  of  the  rest.  But  among  the  Apes  and  Monkeys,  we 
find  this  peculiarity,  not  only  in  the  superior  extremity,  but  also 
in  the  inferior ;  whence  these  animals  are  said  to  be  Q^aJnulla' 
nous  or  four-handed^  whilst  Man  is  Binumom^  possessing  two 
liands  only.  It  must  not  be  supposed,  however,  that  Apes  and 
Monkeys  are  superior  in  this  respect  to  Man ;  for  they  possess 


VARIETIES   IN    FORM   OF   THE   UPPER    EXTREMITY.        473 

tills  distingaishing  character  in  a  much  less  strikiDg  degree  than 
he  does..  All  the  four  extremities  of  Apes  and  Monkeys  possess 
tlie  power  of  grasping,  but  they  are  all  used  also  for  support ; 
and  we  find  that,  in  consequence  of  the  shortness  of  the  thumb 
and  great-toe,  the  grasping  power  is  very  inferior  to  that  which 
we  possess.  But  of  the  four  extremities  of  Man,  one  pair  is 
adapted  for  support,  and  the  other  for  prehemion  or  grasping ; 
and  this  by  the  length  and  mobility  of  the  thumb,  which  is  capa- 
ble of  being  brought  into  exact  opposition  to  the  extremities  of 
all  the  fingers,  whether  singly  or  in  combination.  But  even  in 
those  Quadrumana  which  most  nearly  approach  Man,  the  thumb 
IB  so  short  and  weak,  and  the  fingers  so  long  and  slender,  that 
their  tips  can  scarcely  be  brought  near  to  each  other,  and  then 
with  only  a  slight  degree  of  force ;  hence,  although  completely 
adapted  for  clinging  round  bodies  of  a  certain  size, — such  as  the 
small  branches  of  trees,  &c. — the  extremities  of  the  Quadrumana 
can  neither  seize  very  minute  objects  with  that  precision,  nor 
support  large  ones  with  that  firmness,  which  is  essential  to  the 
dexterous  performance  of  a  Tariety  of  purposes,  for  which  the 
hand  of  Man  is  admirably  suited. 

644.  In  many  of  the  inferior  Mammalia,  whose  extremity  is 
adapted  for  iupport  only,  we  find  each  row  of  phalanges  consoli- 
dated into  two  bones,  or  even  into  one.  This  is  the  case,  for 
example,  in  the  Ruminant  Quadrupeds,  as  the  Camel* (Fig.  J 8), 
and  in  the  Horse  (§.  652).  Such  an  arrangement  obviously 
increases  the  firmness  of  the  limb ;  but  it  altogether  deprives  it 
of  prehensile  power.  In  other  instances,  we  find  the  number  of 
bones  in  the  hand  increased,  but  all  of  them  enclosed  in  one  enve- 
lope, so  that  the  fingers  are  not  separate.  This  is  the  case  with 
many  aquatic  animals, — such  as  the  Whale  tribe  among  Mam- 
malia, Turtles  among  Eeptiles,  and  Fishes  in  general, — in  which 
the  hand  is  made  to  serve  as  a  fin  or  paddlo.  In  most  of  these, 
the  bones  of  the  arm  are  very  short ;  and  the  movements  of  the 
extremity  are  chiefly  confined  to  the  wrist-joint. 

645.  The  structure  of  the  lower  extremities  has  a  very  great 
analogy  to  that  of  the  upper ;  and  the  principal  difibrences  to  be 
remarked  between  them,  are  such  as  are  necessary  to  give  to  the 


-    *  ?5L.TX. — nsirv. ^MTSTLB  OF  THE  THIGH. 

i-i'Uft  mx?  ^-oEsT  M  ibe  cnw,  of  freedom  of  motion,  and 

-x.  icuEf  ^jism  xrias  «£  looDCMidoa  iastesd  of  (nrguis  o(  prehen- 

si.K.     H2R.  ^wk  w  kaw  a  hamj  fimneworic,  for  ihe  purpoee  of 

r.vitAmi^  ^tof  ^ai^  ksietf  vitk  Ibe  fl|iiiie;  mod  18  the  weight  of 

^t*  >  cy  s  avtatfjKiIy  tkrom  mptm  die  lower  extremitieB,  this 

xuw ^/K  1$  wni"^.  ».-R  firmlj  attadied  to  thai  of  the  trank, 

^:.A  :i&  z^!  £Mr  w^sk  ^al  vikh  aapporte  the  aims.     It  ooorists 

IS  ^9.71  siitf  li  a  Wae^  wbeeh,  ia  the  adult  state,  is  single; 

^x^«Ct  M  mt  «K^  ace  it  m  easaposed  of  three  distinct  pieces. 

!rus>  Mar  is  ctaKi^r  oaaected  with  the  sacnun  behind,  and  in . 

s  sKve^  wui  it»  fe^w  ;  ia  aadi  a  maimer  as  to  fonn  a 

/f  iiKvn;.  asnwil  ibe  /nfrtiL    Hie  spieadiag  sides  ci  this, 

i.nK^  >«r  She  ».^jr  hemes  (fig.  213),  affard  support  above  to  the 

^-HKC^  ximcaoK^  a  ibe  abdoMoa ;  aad  thef  giye  attachment  by 

V  St  HU.»uK>ay  mv  samtii3i»  hj  wbick  the  thigh-bone  is  mored; 

SM^  15  mk!frMc»  t»  bv^  ezpaaded  moades,  that  pass  upwards 

^  x:«f  7^  amt  iactwaaa.  lad  font  die  walls  of  the  abdomen. 

c;. ^*«  %ifls  fvmarafer  >  mimm,  w« fiad  the  aiticalar  cavitj,  which 

:^  :«(.•  AKW  as  %..*  W  aamart  a  bwatybere,  when  eompleted  by  its 


to  of  the  thigh-bone  are 
of  the  aim  ;  but  it  iemoch 


^Ww    TV  e^:k  ELe  tbe  aiai,  is  supported  by  a  single  hone, 


*).ci  i«^  Miw^l  ibif  <Hnr.     Its  ujpiper  extremity  is  bent  at  an 

bead  k  separated  from  the  rest  by  a  nar- 

ito  ac^.     At  the  point  where  this 

there  are  two  large  projections, — 

v««r  Mt  ^  «i«Ms»iew  iW  edwr  «a  the  iaterior  side, — which  can  be 

li^  ^wiiaiA  tW  skia ;  aad  these  asrve  to  give  attachment  to  the 

aMm«^  W  wbxb  tbe  ^%b  is  moved.    Of  these  miiscleSy  one 

&ji.-^»fe.  Ims  tlw  kadhar  Toriebrm ;  and  this,  with  another  that 

iiw«  ^rv«iabea{^«ir  expanded  snifiMe  of  the  pelvis,  passes  down 

v^^nM-  iW  ftem  Vii4er  of  tbe  pelvis,  aad  is  attached  to  the  smaller 

aaoi  MKMTM  idf  ibe  pi^^ectioBs  jast  mentioned.     These,  with  the 

aawaamg»  v4^  otbor  manbii^  lake  or  draw  towards  the  thigh,-— an 

aKtiiMi  wkkb  de($  not  TC^psdre,  ia  Mao,  to  be  performed  with  aay 

X^hMI  <Me>ci^     TW  wttsdes  which  draw  back  the  thigli,  on  the 
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other  hand,  arise  firom  the  under  surface  and  back  of  the  pelvis, 
where  they  form  a  very  thick  fleshy  mass ;  and  they  pass  to  the 
larger  and  external  projection,  and  to  a  ridge  which  runs  down 
the  thigh-bone.  Other  muscles,  which  arise  from  the  lower  bor- 
der of  the  pelvis,  serve  to  rotate  the  thigh  upon  its  axis.  Tlie 
lower  end  of  the  thigh-bone  spreads  into  two  large  condyles^  on 
which  the  large  bone  of  the  leg  moves  backwards  and  forwards. 
The  knee  is  a  good  example  of  a  pure  hinge-joint ;  all  its  move- 
ments being  restricted  to  one  plane. 

647.  The  leg,  although  containing  two  bones  like  the  fore- 
arm, does  not  possess  the  peculiar  movement  which  characterises 
it*  One  of  these  bones,  called  the  tUna^  is  much  larger  than  the 
other,  which  is  called  the  fibula ;  and  it  is  the  former  alone 
which  rests  upon  the  thigh-bone,  and  which  also  gives  the  chief 
support  to  the  foot,  so  that  no  movement  of  rotation  is  permitted 
in  the  leg.  In  fact,  the  fibula,  which  is  a  long  slender  bone, 
running  nearly  parallel  with  the  tibia  (Fig.  213),  looks  like  a 
mere  appendage  or  rudiment,  and  serves  only  for  the  attachment 
of  muscles.  The  upper  end  of  the  tibia  is  broad,  and  has  two 
shallow  excavations,  in  which  the  condyles  of  the  femur  are 
received.  Upon  the  front  of  the  knee-joint,  we  find  a  small 
separate  bone,  the  paidla  or  knee-pan ;  the  purpose  of  this  is, 
to  change  the  direction  of  the  tendons  that  come  down  from  the 
front  of  the  thigh,  to  be  attached  to  the  tibia ;  in  such  a  manner 
as  to  enable  them  to  act  more  advantageously,  upon  the  prin- 
ciple formerly  stated  (§.611).  In  the  elbow-joint,  this  change  was 
not  required ;  since  the  ulna  projects  sufficiently  far  backwards,  to 
afford  advantageous  attachment  to  the  tendon  of  the  extensor 
muscle.  The  very  powerful  muscles  which  tend  to  straighten 
the  knee-joint,  arise  frt)m  the  front  of  the  pelvis,  and  from  the 
femur  itself;  and  they  form  the  fleshy  mass  of  the  front  of  the 
thigh.  On  the  other  hand,  those  which  bend  the  knee  arise 
from  the  lower  border  of  the  pelvis,  and  from  the  back  of  the 
thigh-bone,  and  pass  downwards  to  be  inserted  into  the  sides  of 
the  tibia  and  fibula  a  little  below  the  knee,  their  tendons  forming 
the  two  strong  cords  known  as  the  hamstrings.  The  articulating 
surface  at  the  lower  extremity  of  the  leg,  which  enters  into  the 
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ankle-joint,  is  principally  formed  by  the  tibia;  bnt  its  enter 
border  is  formed  by  the  fibula,  which  there  makes  a  considerable 
projection,  that  can  be  felt  through  the  skin. 

648.  The  foot  is  composed,  like  the  hand,  of  three  distinct 
portions,  which  are  called  the  tar9UM^  metatamu^  and  tOM.  Then 
are  seven  bones  in  the  tarsus,  all  of  which  are  larger  than  those 
of  the  carpus,  and  some  of  them  of  considerable  size.  The  arti- 
culation with  the  leg  is  formed  by  one  of  these  only,  the  <uir&- 
ffcUus^  which  projects  above  the  rest,  and  is  imbedded  between 
tlie  projecting  extremity  of  the  tibia  (which  forms  the  inner 
boundary  of  the  ankle-joint)  and  that  of  the  fibula.  The  astra- 
galus rests  on  the  at  caleit^  or  bone  of  the  heel,  which  projects 
considerably  backwards,  and  is  connected  in  firont  with  the  other 
bones  of  the  tarsus.  In  front  of  the  tarsus,  we  find  the  meta- 
tarsus, composed  of  five  long  bones,  which  in  man  are  all  attached 
to  each  other,  but  of  which  one  is  separate  in  the  Quadmmaaa, 
in  order  to  give  freer  play  to  the  great  toe,  the  action  of  which 
resembles  that  of  the  thumb.  The  toes,  like  the  fingers,  are 
composed  of  three  phalanges  (with  the  exception  of  the  great 
toe,  which  has  only  two)  ;  these  are  in  Man  much  shorter  than 
those  of  the  hand,  and  are  evidently  not  adapted  for  prehensioii ; 
but  in  many  of  the  Quadrumana,  their  length  is  nearly  equal  to 
that  of  the  fingers,  and  the  great  toe  is  as  opposable  as  the  tiinmb. 
The  foot  is  far  from  being  thus  converted,  however,  into  a  per- 
fect hand ;  but  it  becomes  a  very  useful  instrument  for  clasping 
the  small  branches  and  twigs  of  the  trees,  among  which  these 
animals  live.  The  foot  of  Man  is  distinguished  from  theirs,  bj 
its  power  of  being  planted  Jlai  upon  the  ground,  and  thns  of 
affording  a  firm  basis  of  support.  Even  the  Chimpanzee  and 
the  Orang,  when  they  attempt  to  walk  erect,  rest  upon  the  M 
of  the  foot ;  and  the  absence  of  a  projecting  k&el  causes  them  to 
be  very  deficient  in  the  power  of  keeping  the  leg  upright  npon 
it.  For  it  is  to  this  projection,  that  the  strong  muscles  of  the 
calf  of  the  leg  are  fixed,  by  which  the  heel  is  drawn  upwards,  or 
the  leg  drawn  back  upon  it.  Other  muscles  at  the  side  and 
back  of  the  leg,  the  direction  of  whose  tendons  is  changed  bj  a 
sort  of  pulley  at  the  ankle-joint,  aided  by  the  muscles  of  the 
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foot  itself,  serve  to  bend  the  toes, — an  action  which  gives  great 
assistance  in  walking,  running,  leaping,  &c.      And  they  are 
straightened  by  an  extensor  muscle,  which  lies  on  the  front  of 
the  leg,  and  of  which  the  tendon  runs  under  an  annular  ligament 
(§.  641)  that  encircles  the  ankle,  and  is  then  divided  and  spread 
out  to  the  toes,  over  the  upper  surface  of  the  foot.     The  great 
toe  is  a  very  important  instrument  in  the  act  of  walking,  since 
much  of  the  spring  forwards  is  given  by  the  bending  of  its 
phahinges;  and  it  is  provided  with  two  flexor  muscles  of  its  owm 
649.     On  the  internal  side  of  the  foot,  the  bones  of  the  tarsus 
and  metatarsus  form  a  kind  of  vault  or  arch,  which  serves  to  lodge 
and  protect  the  vessels  and  nerves,  that  descend  from  the  leg 
towards  the  toes.     When  this  arrangement  is   not  perfect  (as 
sometimes  happens),  so  that  the  foot  is  too  flat,  the  nerves  are 
compressed  by  the  weight  of  the  body,  and  the  act  of  walking 
cannot  be  continued  for  a  long  time  without  pain.     This  arch 
farther  serves  the  important  purpose  of  deadening  the  shock,  tlxat 
would  otherwise  be  experienced  every  time  that  the  foot  is  put 
to  the  ground  ;  for  by  the  elasticity  of  the  ligaments  which  hold 
together  the  bones  that  compose  it,  a  sort  of  spring  is  formed, 
which  yields  for  a  moment  to  the  shock,  and  then  recovers  itself, 
We  feel  the  difference  which  this  makes,  when  we  jump  from  a 
height  upon   our  heels  ;    the  jar  is  then  propagated  directly 
upwards  from  the  heel  to  the  leg,  thence  to  the  thigh,  and  thence 
to  the  spinal  column  ;  and  if  it  were  not  from  the  peculiar  man- 
ner in  which  this  is  constructed  (§.  631),  a  severe  shock  of  this 
kind  might  produce  fatal  effects  by  concussion  (or  shaking)  of 
the  brain.     In  animals,  which  walk  upon  four  extremities,  the 
difference  of  direction  in  which  the  legs  are  connected  with  the 
spine,  prevents  a  jar  from  being  propagated  along  the  latter,  to  a 
similar  degree.     But  in  those  which  are  destined  to  obtain  their 
food  by  sudden  and  extensive  leaps^  such  as  the  animals  of  the 
Cat  tribe  (the  Lion,  Tiger,  &c.),  we  find  an  arrangement  of  the 
bones  of  the  foot,  well  adapted  to  diminish  the  shock  produced 
by  the  sudden  descent  of  the  body  upon  the  ground. 
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Of  the  Attitudes  of  the  Body^  and  the  vartoue  kindtof  LMomotm. 
650.  A  small  number  of  Yertebrsted  animals, — Serpents,  for 
instance, — ^bear  habitually  on  the  whole  length  of  their  bodiMy 
which  rest  entirely  on  the  ground;  and  their  only  movements  sre 
effected  by  undulations  of  the  spinal  column.  But  the  rest  are 
supported  upon  their  extremities;  and  we  give  the  name  of 
9tanding  to  that  position,  in  which  the  animal  rests  supported  bj 
its  limbs,  upon  the  ground  or  any  firm  horizontal  basis.  In  main- 
taining this  position,  the  extensor  muscles,  by  which  the  joints 
are  straightened,  must  be  in  continual  action,  since  the  timbs 
would  otherwise  bend  beneath  the  weight  of  the  body.  Now  as 
the  sense  of  £atigue,  in  a  set  of  muscles,  depends  in  great  degree 
upon  the  length  of  time  during  which  they  have  been  in  action, 
the  maintenance  of  the  standing  posture  for  a  long  period  ta,  in 
most  animals,  more  fatiguing  than  walking ;  since  in  the  latter 
exercise,  the  action  of  the  flexors  alternates  with  that  of  the 
extensors. 

651.  But  this  condition  is  not  the  only  one  essential  to  stea- 
diness in  the  standing  posture ;  for  in  order  that  the  body  may 
rest  firmly  upon  the  members,  it  must  be  in  eqwlihnwm.  It  has 
been  shown  (Mechan.  Philos.  Chap,  it.)  that  equilibrium  ex- 
ists,"—or  in  other  words,  that  a  body  remains  at  rest  in  its  position, 
*— not  only  when  it  bears  upon  the  whole  of  a  broad  snrfiuse,  bnt 
also  when  it  is  so  placed,  that  the  tendencies  of  its  different  parts 
to  descend  or  gravitate  towards  the  earth,  counterbalance  each 
other.    This  is  the  case  when  its  centre  ofgriXDity  is  supported, — 

that  is,  when  a  line  drawn 
perpendicularly  from  it 
falls  within  the  base.  In 
order,  then,  that  an  animal 
may  rest  in  equilibrium 
on  its  legs,  it  is  neoesaaiy 
that  the  vertical  line  from 
its  centre  of  gravity  (or 
'"'^  "^-  line  of  direction)  should 

fall  within  the  space  which  its  feet  cover  and  enclose  between 
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them  ;  and  the  wider  this  space,  in  proportion  to  the  height  of 
the  centre  of  gravity,  the  more  stable  will  the  equilibrinm  be, 
since  the  body  may  be  more  displaced  without  being  npset. 
Thus  in  Fig.  21 7t  the  table  a  must  be  upset ;  because  the  line 
of  direction,  e,  from  the  centre  of  gravity,  c,  falls  outside  the  base 
of  support,  d:  whilst  the  table  6,  although  equally  inclined,  will 
not  be  upset,  but  will  return  to  its  proper  place  ;  because  the  line 
of  direction,  0,  from  its  centre  of  gravity,  c,  falls  within  its  base, 
4L  Hence  an  animal  which  is  supported  upon  four  legs,  will 
stand  much  more  firmly  than  one  which  rests  on  two  only ;  since 
its  real  base  is  the  whole  space  included  between  its  four  points 
of  support  And  again,  an  animal  is  more  firm  when  standing 
upon  two  legs,  than  when  resting  upon  one  only. 

652.  Moreover,  when  an  animal  rests  upon  four  legs,  the 
extent  of  its  base  is  but  little  influenced  by  the  size  of  the  feet ; 
and  thus  to  render  them  broad,  would  be  to  increase  their  weight, 
without  adding  much  to  their  use  as  supports.  This  is  easily 
understood  by  comparing  a  quadruped  to  a  four-legged  table ;  if 
the  legs  are  sufficiently  strong  to  support  the  weight  that  rests 
upon  them,  it  matters  little  in  regard  to  the  steadiness  of  the 
table,  whether  they  bear  upon  the 
ground  by  mere  points,  or  by  flat  sur- 
faces ;  since  it  is  the  large  surface  that 
would  be  enclosed  bylines  joining  them, 
which  constitutes  the  real  base.  Hence 
we  find  that,  in  most  quadrupeds,  the 
limbs  only  touch  the  ground  by  slightly- 
dilated  extremities ;  and  the  number  of 
fingers  is  reduced  more  and  more,  with- 
out diminishing  their  efiect  as  instru- 
ments of  locomotion.  Thus  in  the 
Ruminant  animals,  as  the  Deer,  the 
number  of  toes  is  reduced  to  two  in 
each  foot,  as  seen  in  Fig.  218;  where 
I  represents  the  tibia,  ta  the  bones  of 
the  tarsus,  cthe  bone  of  the  metatarsus 
termed  the  carum  (in  which  the  trace  of  a  division  into  two 
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pieces  can  be  seen),  and/>,  pi,  pf,  (he  three  phklanga  of  the 
toes,  of  which  the  last  is  enveloped  in  the  hoof,  which  isnothmg 
else  than  a  large  nail  enclosing  the  whole  extremity  of  the  toe. 
In  the  Hone  this  consolidation  is  carried  still  fdrtlier  than  in  the 
Ruminantia ;  for  it  has  only  one  toe  id  each  foot ;  but  we  see 
the  rudiment  of  an  additional  bone  in  the  metatarans  (b,  flg.219}, 
which  ifl  commonly  termed  the  tplitU  bone. 

G53.     But  when  an  animal  is  supported  upon  two  feet  only, 
whatever  may  be  their  degree  of  separation  from  each  other, 
the  base  of  support  cannot  have  snfficient  extent,  nnlen  tbs 
extremitipB  touch  the  ground  by  a  considerable  snr&ce.     Tbi«it 
the  case  with  the  foot  of  Man,  and 
still  more  with  that  of  many  Binls 
which  habitually  stand  upon  one  leg. 
In  order  that  an  anim^  may  hold 
itself  in  equilibrium    npon  a  single 
limb,  it  is  necessary   that  the  foot 
should  be  placed  vertically  beneath 
the  centre  of  gravity  of  the  body; 
and  that  its  muscles  should  he  ao 
arranged,  as  to  permit  it  to  keep  thti 
limb     inflexible     and      immotabl& 
Man  can  accomplish  thisi    ita  the 
centre  of  gravity  of  his  body  is  about 
the  middle  of  the  pelvis  ;  and  to  pitee 
this  verUcally  over   the  foot,  it  it 
sufficient  for  him  to  bend  himself  • 
little  from  tiie  side  which  is  not  sup- 
ported.    Bnt  the  greater  number  of 
Quadrupeds   are    destitnte    of   the 
power  of  doing  this  ;  and  a  large  part  of  them  cannot  even  raw 
themselves  on  their  hind  legs,  on  account  of  the  direcdoa  of 
these  members  relatively  to  the  trunk  ;  or  if  they  can  do  so  fiv 
an  instant,  they  cannot  maintain  themselves  in  this  postioa- 
The  reason  of  this  is  very  simple.     The  base  of  support,  on 
acconnt  of  the  sraaliness  of  the  feet,  is  very  narrow,  and  tbe 
centn;  of  gravity  of  the  body  is  placed  nearer  the  front,  toward* 
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tho  chest ;  bence  the  body  must  be  entirely  changed  in  its  posi- 
tion, by  a  violent  and  not  sustainable  action  of  the  muscles 
which  connect  it  with  the  hind  legs ;  and,  when  thus  reared  up, 
it  cannot  rest  with  firmness,  on  account  of  the  narrowness  of  the 
base. 

654.  There  are  some  Quadrupeds,  however,  which  are  able 
to  raise  themselves  occasionally  into  this  position ;  this  is  the 
case,  not  only  with  the  Quadrumana,  but  abo  with  the  Bear, 
Squirrel,  and  other  animals  whose  habits  require  them  to  ascend 
and  live  among  trees, — ^as  well  as  in  the  Kangaroo,  and  animals 
constructed  upon  the  same  plan,  whose  peculiar  organisation  will 
be  presently  considered  (§.  661).  In  maintaining  the  upright 
position,  the  muscles  of  the  back  part  of  the  neck  are  kept  in  a 
contracted  state,  to  retain  the  head  in  equilibrium  on  the  verte* 
bral  column;  and  the  extensor  muscles  of  that  column  must 
also  be  kept  in  action,  to  prevent  it  from  bending  forwards  under 
the  weight  of  the  head,  upper  extremities,  and  viscera  of  the 
trunk.  The  whole  weight  of  the  upper  part  of  the  body  is  thus 
transmitted  to  the  sacrum,  and  thence  to  the  other  bones  of  the 
pelvis,  by  which  it  is  brought  to  bear  on  the  femur.  If  left  to 
themselves,  the  thigh-bones  would  bend  beneath  the  pelvis,  and 
the  trunk  would  fall  forwards ;  but  the  contraction  of  their 
extensor  muscles  keeps  them  firm.  In  the  same  manner,  the 
extensor  muscles  of  the  knee  and  ankle  keep  these  joints  from 
yielding  beneath  the  weight  of  the  body  ;  and  it  is  thus  at  last 
transmitted  to  the  soil.  The  nttirig  posture  is  less  fatiguing 
than  the  standing  position,  because  the  weight  of  the  body  is 
then  directly  transmitted  from  the  pelvis  to  the  base  of  support, 
80  that  it  is  not  requisite  for  the  extensor  muscles  of  the  lower 
limbs  to  keep  up  a  sustained  action.  But  the  lying  posture  is 
that  of  the  most  complete  rest ;  because  the  weight  of  every  part 
of  the  body  is  at  once  transmitted  to  the  surface  on  which  it 
bears ;  and  no  muscular  movement  is  requisite  to  keep  it  in  its 
position. 

655.  This  difference  in  muscular  effort,  is  the  cause  of  a  well- 
marked  variation  in  the  pulse,  according  to  the  position  in  which 
the  body  is  at  the  time.     From  a  considerable  number  of  obser- 
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Tations  it  has  been  found  that  the  average  pulse  of  an  adnlt  man 
is  about  81  when  standing,  Jl  when  sitting,  and  66  when 
lying ;  so  that  the  difierence  between  standing  and  sitting  was 
10  beats  or  l-8th  of  the  whole,  whilst  the  difference  between 
sitting  and  lying  was  5  beats  or  l-13th  of  the  whole.  In  the 
female,  the  pulse  is  quicker  in  each  position  by  from  10  to  14 
beats  per  minute ;  but  the  differences  occasioned  by  podtion  an 
nearly  the  same.  It  will  be  obserred  that  the  difierence  between 
standing  and  mtdng  is  greater  than  that  between  sitting  and 
lying ;  and  this  closely  corresponds  with  the  relatiye  amovnts  of 
muscular  exertion,  required  in  these  positi<His  respectively.  At 
the  moment  when  the  posture  is  changed,  the  poise  is  consider- 
ably quickened ;  in  consequence  of  the  muscular  effort  required 
for  the  purpose,  which  acts  especially  on  the  veins,  and  forces 
the  blood  more  rapidly  back  to  the  heart  (§.  279) :  but  thii 
increase  in  rapidity  is  temporary  only. 

656.  All  that  has  been  said  of  the  positions  of  Yertebrated 
animals  applies  equally  well  to  those  of  the  Invertebrata  which, 
like  them,  have  the  body  raised  from  the  ground  upon  extre- 
mities. This  is  the  case  in  the  higher  Articulata,  such  as  Inseets, 
Crustacea,  Arachnida,  and  Myriapoda.  But  the  lower  Arti- 
culata crawl,  like  Serpents,  upon  the  whole  length  of  their 
bodies ;  or,  being  aquatic,  are  buoyed  up  by  the  element  they 
inhabit.  And  among  the  MoUusca  and  Radiata,  there  are  none 
which  have  members,  upon  which  they  can  be  said  to  $iatuL 

65  7 .  The  progressive  movements  by  which  the  bodies  ci  Man 
and  other  animals  are  made  to  change  their  places,  are  aooom* 
plished  by  means  of  the  alternate  contractions  and  eztensioftt  of 
those  limbs,  which  we  have  hitherto  considered  only  as  support- 
ing them  in  a  rigid  position.  It  is  easy  to  see  that,  when  a  joint 
is  straightened  after  being  bent,  the  two  ends  of  the  lovers  which 
form  it,  must  be  separated  from  each  other ;  and  that  motion  nnst 
thus  be  given  to  the  parts,  against  which  one  or  both  of  tben 
bear.  Now  in  the  ordinary  movements  of  progression,  one  of 
these  levers  bears  against  the  ground,  which  is  immovable ;  ssd 
the  whole  motion  produced  by  straightening  the  joint,  WHt 
consequently  be  communicated  to  the  body.     In  the  ordinarj 
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act  of  lOdtttfi^,  one  of  the  feet  is  planted  in  front,  whilst  the 
other  ia  extended  or  carried  backwards  beneath  the  leg,  by  the 
action  of  the  muscles  of  the  calf,  aided  by  those  of  the  toes 
(§.  648).  Its  length  is  thus  increased ;  and  as  it  bears  upon 
the  resisting  soil,  this  elongation  acts  through  the  thigh  upon  the 
pelris,  and  thus  carries  forward  the  whole  body.  At  thesame 
time,  the  pelvis  makes  a  slight  turn  upon  the  femur  of  the  other 
side,  on  which  it  is  resting ;  and  the  limb,  which  was  at  first 
behind  the  other,  is  now  drawn  forward  by  a  flexion  of  its  joints, 
and  is  planted  on  the  ground  in  front  of  the  other,  so  as  to  serve 
for  the  support  of  the  body  in  its  turn ;  whilst  the  other,  by 
extending  itself,  gives  a  fresh  forward  impulse  to  the  body. 
Thus  each  limb  is  alternately  made  to  support  the  whole  weight 
of  the  body,  just  as  it  would  do  in  standing  on  one  leg ;  and  at 
the  same  time^  the  other  is  engaged  in  uiging  it  forwards.  Hence 
the  centre  of  gravity  must  vibrate  a  little  from  side  to  side,  in 
the  act  of  walking,  so  that  it  may  be  brought  alternately  over 
each  foot;  and  this  movement  from  side  to  side  is  the  more 
obvious,  in  proportion  as  the  pelvis  is  wider,  and  the  limbs  more 
separated  from  each  other.  Hence  it  is  more  seen  in  women 
than  in  men,  on  account  of  the  greater  proportional  breadth  of 
the  hips  in  the  former. 

658.     In  all  the  higher  animals,  as  in  Man,  there  are  members 
which  serve  for  locomotion ;  but  the  nature  of  these  movements  i 

varies  greatly ;  and  there  is  a  corresponding  difference  in  the 
stmcture  of  the  instruments  by  which  they  are  performed.  The 
manner  in  which  the  Creator  has  made  the  same  organs  answer 
a  variety  of  different  purposes,  in  accordance  with  the  habits  of 
the  animals  to  which  they  belong,  is  a  most  interesting  object  of 
study ;  for  we  see  the  most  varied  results  attained,  without  the 
least  departure  from  the  general  plan,  which  has  been  adopted  in 
the  construction  of  the  various  species  of  the  same  group ;  and 
this  solely  by  slight  changes  in  the  forms  and  proportions  of  some 
of  the  instruments,  the  union  of  which  makes  up  the  entire  body.  j 

The  organs  of  locomotion  in  the  Mammalia  furnish  us  with 
obvious  examples  of  this  principle.     This  class  includes  not  only  ! 

the  Quadrupeds  which  run  or  bound  along  the  surface  of  the 
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ground, — but  ahimals  which  are  destined^  like  Fishes,  to  live 
solely  in  water, — others  which^  like  Amphibia,  sometimes  swim 
through  that  element  and  sometimes  inhabit  the  land,— others 
again  which  possess  wings,  that  enable  them  to  fly  through  the 
air  like  Birds, — and  others  which  only  employ  their  anterior 
members  for  grasping  or  feeling ;  yet  in  all  these  animals,  these 
organs  are  constructed  of  the  same  parts.  In  the  paddles  of  a 
Seal  (Fig.  226),  the  wing  of  a  Bat  (Fig.  236),  and  the  fore-ptw 
of  a  Squirrel  or  a  Mole,  we  find  the  same  bones  as  in  the  arm  of 
Man  (Fig.  213).  And  even  in  the  fore-legs  of  the  Ruminant 
Quadrupeds,  and  in  those  of  the  Solidunguloj  or  single-toed 
animals  (such  as  the  Horse),  we  can  usually  perceive  traces  of 
the  existence  of  three  or  four  toes,  whose  bones  are  more  or  less 
completely  united. 

659.  From  what  has  already  been  stated,  as  to  the  infloenoe 
of  the  length  of  the  levers  on  the  quickness  of  the  movement  of 
the  extremities  (§.  614),  it  is  easy  to  see  that  animals  which 
have  the  most  rapid  progression,  must  necessarily  have  long 
members ;  since,  the  quickness  with  which  the  extensor  muscles 
act  remaining  the  same,  the  change  of  place  in  the  free  extre- 
mity of  the  lever  will  be  greater,  in  proportion  as  that  extremity 
is  more  distant  from  the  point  of  insertion  of  the  muscles  thtt 
move  it,  and  from  the  fulcmm  on  which  the  lever  works.  Bot 
in  proportion  to  the  elongation  of  this  arm  of  the  lever,  most  he 
the  increase  in  the  power  of  the  muscles  that  move  it,  in  order 
to  overcome  the  same  resistance ;  according  to  the  general  prin- 
ciple, that  what  is  gained  in  velocity  is  lost  in  power.  Hence,  in 
order  to  endow  an  animal  with  great  agility,  it  is  only  necesmy 
to  lengthen  its  limbs,  and  to  render  the  mosclea  capable  of 
exerting  a  proportional  power. 

660.  We  have  seen  that  in  toalkinffy  the  body  is  sustained 
upon  one  limb  (in  quadrupedt^  upon  one  pair  of  limbs),  whilst 
it  is  pushed  onwards  by  the  other ;  so  that  it  never  ceases  to 
bear  upon  the  ground.  In  runnin^^  however,  the  body  of  Man 
momentarily  quits  its  support  at  intervals ;  the  foot  in  advance 
not  being  planted  on  the  ground,  at  the  time  that  the  hinder  one 
quits  it.    In  this  action,  the  Ostrich  and  its  Allies  probably  snr- 
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paas  all  other  animals ;  as  they  can  outstrip  the' fleetest  horse  at 
full  gallop,  or  the  swiftest  grayhound  at  its  greatest  speed.  The 
amhU  of  Qaadrupeds  is  a  pace  which  resembles  the  walk  or  run 
of  Bipeds,  the  two  legs  on  one  side  being  moved  together,  whilst 
the  body  rests  upon  the  other.  This  pace  is  peculiar  to  the 
Oiraffe,  and  to  horses  which  have  been  trained  to  execute  it. 
Tho  <ro<,  however,  is  a  step  of  n  different  and  much  more  secure 
nature.  The  fore-foot  of  one  side  is  raised  and  advanced  with 
the  hind- foot  on  the  other  side ;  and  when  these  are  set  down, 
the  other  fore  and  hind  feet  are  raised  and  advanced  together. 
NoWy  if  we  consider  the  fore-feet  of  a  horse  as  constituting  the 
four  angles  of  a  parallelogram,  it  is  easy  to  see  that  the  base  of 
support,  when  the  feet  are  thus  raised,  will  be  one  of  the  diago- 
nals ;  and  as  the  feet  are  alternately  advanced,  tlie  weight  will 
alternately  be  thrown  upon  these  two  lines.  But  the  centre  of 
gravity  in  the  horse,  especially  when  carrying  a  rider,  is  in  a 
point  almost  exactly  above  that  at  which  these  two  lines  cross ; 
so  that  it  is  always  supported  either  by  one  or  the  other.  The 
gallop  of  greatest  speed  is  a  run  performed  on  the  same  plan  as 
the  trot ; — that  is,  the  right  fore  and  left  hind  feet  leave  and 
reach  the  ground  together,  and  then  the  left  fore  and  right  hind 
feet  are  advanced.  The  canter  is  a  kind  of  step  altogether 
different  The  four  legs  strike  the  ground  successively,  the  left 
hind  foot  reaching  it  first,  the  right  hind  foot  second,  the  left 
fore  foot  third,  and  the  right  fore  foot  fourth.  The  celebrated 
race-horse  Eclipse,  when  galloping  at  liberty  and  with  his 
greatest  speed,  passed  over  the  space  of  25  feet  at  each  stride  or 
leap  ;  this  he  repeated  2^  times  in  a  second,  so  as  to  pass  over 
58  feet  in  that  time,  which  was  at  the  rate  of  nearly  4  miles  in 
six  minutes  and  two  seconds.  But  this  performance  was  com- 
pletely surpassed  by  that  of  Flying  Childers,  who  was  computed 
to  have  passed  over  82^  feet  in  a  second,  or  nearly  a  mile  in  a 
minute. 

661.  In  leaping^  the  body  is  projected  into  the  air  by  the 
sudden  extension  of  the  joints,  especially  those  of  the  hinder  part 
of  the  body,  which  had  been  previously  bent ;  and  having  tra- 
Tersed  a  greater  or  less  distance,  the  body  comes  again  to  the  ground 
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and  mmy  be  again  projected.     This  is  »  kind  of  motion  ataaHy 
practised  by  many  animals,  whose  stmcture  is  ezpren]y  adapted 
to  it.     Thna  among  Quadrnpeds,  we  find  seTersl  in  whidi  the 
hind  legs  are  encnnonsly  elongated,  for  the  purpose  of  giving 
greater  qnieknesa  to  the 
motion  of  the  bodj ;  and 
their  mnsdea  are  deTelop- 
ed  to  an  extraordinary  de- 
gree, in  oi^er  to  snpplj 
the  necenary  force.  This 
is  the  case  among  moat 
of  the   animab   of   the 
order  Rodentia,  sndi  a* 
'   the  Hare,  Rabbit,  Squir- 
rel, &e.  ;  but  partionlaily 
in  the  Jerboa  or  Jamping 
Bat,  and  in  the  Kangaroo 
'   and  its  allies.     In  these 
animals    the    fore    feet, 
j»->.,vu~-.-     -•-  which  are  little  naed  Bor 

Fro.  m^KAHiuiaog  progression,  are  oompara- 

tively  small ;  and  in  tb« 
last,  they  are  less  than  half  the  length  of  the  hinder  limbs.    The 


feet  as  welt  as  the  legs  of  the  Kangaroo  ue  nry  long,  in  otdsr 
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to  afford  (in  conjunction  with  the  tul)  a  firm  support  to  the 
KniiDAl  when  preparing  to  leap.  QDadnipeds  in  which  the 
length  of  the  posterior  eztremitiea  greatly  predominates  over 
that  of  the  anterior,  are  obaerved  to  descend  hUla  with  difBcutty 
at  a  rapid  pace,  sioce  the  forward  inclination  of  their  bodies 
places  them  in  continual  danger  of  oversetting ;  they  therefore 
take  a  aig-zag  course.  In  ascending  a  hill,  however,  their  pro- 
grvsaioQ  is  greatly  favoured  by  the  length  of  their  posterior 
extremitiBS.  The  Rabbit,  when  moving  slowly,  advances  the 
tore-feet  two  or  three  steps  alternately,  the  posterior  limbs  re- 
maining inactive  ;  and  the  body  having  been  lengthened  by  these 


means,  the  posterior  legs  are  suddenly  extended  and  drawn  for- 
wards simultaneously  :  thus  the  rabbit  walks  with  the  fore  and 
leaps  with  the  bind  pair  of  legs.  The  Frog  movee  in  a  very 
similar  manner. 

662.  It  is  among 
Insects  that  we  find 
the  most  extraordi- 
nary powers  of  leap- 
ing, conadered  in 
r^^rd  to  the  size  of 
the  animals  that  pes-  . 
BCS8  them.  Thus  the 
Flea  will  spring  to  a 
height  equal  to  200 
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times  the  length  of  its  hody.  Let  us  imagine  a  Kangaroo  or  a 
Tiger  doing  the  same !  In  many  of  the  leaping  insects,  the  hind 
legs  are  of  great  length,  as  in  the  Grasshopper  and  Cricket  tribe ; 
and  in  one  curious  family,  that  of  the  Poduroi  or  Spring-tuls,  the 
leap  is  acomplished  by  the  sudden  extension  of  the  tail,  which  is 
ordinarily  bent  under  the  body.  A  very  remarkable  kind  of  leap  is 

executed  by  the  Beetles  of  the 
family  of  Elaierida;  the  larra  of 
one  species  of  which  devours  the 
roots  of  wheat,  and  is  known 
under  the  name  of  the  Wire- 
worm;  whilst  other  species,  which 
Fio.  8S&— fddura.  inhabit  tropical  climates,  having 

the  power  of  emitting  light,  are  termed  Fire-flies  (§.  397)- 
The  legs  of  these  insects  are  very  short ;  so  that,  when  they  are 
laid  on  their  backs,  they  cannot  by  means  of  them  recover  their 
natural  position.  This  they  are  enabled  to  do,  however,  by  their 
power  of  jerking  backwards  the  head  and  upper  part  of  the 
thorax,  which  causes  the  body  to  be  projected  vertically  into  the 
air,  whence  it  usually  descends  with  the  feet  towards  the  ground. 
The  leap  of  the  Crickets,  Locusts,  Frog-hoppers,  &o.  is  execnted 
more  in  a  horizontal  direction ;  and  it  is  assisted  by  the  wings, 
which  bear  up  the  body  whilst  it  is  moving  onwards  through  the 
air.  In  this  manner  a  Locust  can  traverse  200  times  its  length ; 
and  a  Frog-hopper  250  times :  which  is  as  if  a  Man  were  to 
take  a  quarter  of  a  mile  at  one  leap. 

G63.  Swimming  and  Flying  are  movements  which  have 
much  resemblance  to  each  other ;  both  being  executed  in  a  flnid 
medium,  which,  to  a  certain  extent,  buoys  up  the  body, — ^which 
offers  resistance  to  its  progress, — and  which  also  offers  something 
resembling  a  fixed  point,  on  which  the  members  may  act  to  pro* 
pel  it  The  chief  differences  between  them  depend  upon  the 
nature  of  the  medium, — this  being  liquid  in  the  one  case,  and 
aeriform  or  gaseous  in  the  other.  The  liquid  medium  affords 
more  support  to  the  body,  and  a  firmer  surface  for  the  action  of 
its  propelling  organs ;  but  at  the  same  time  it  offers  more  resist- 
ance to  its  progress.     The  movement  of  a  body  through  Uie 
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atmosphere,  as  in  flight,  requires  a  conudernble  expenditore  of 
power  to  Iceep  it  up  ;  and  the  yieldiDg  oature  of  tha  element 
prevents  the  propelling  organs  from  acting  agunat  a  firm  eor- 
face ;  but  the  onward  movement,  in  consequence  of  the  elight 
resistance,  is  easily  accomplished. 

664.  When  the  feet  of  a  Quadruped  are  to  serve  both  as 
walking  and  swimming  organs,  the  end  is  accomplished  hy  the 
spreading  of  the  fingers,  and  their  union  by  means  of  a  fold  of 
skin,  which  is  stretched  over  them  ;  as  the  web  of  a  swimming 
Bird  is  stretched  over  its  toes,  so  as  to  make  an  oar  or  paddle  of 
snfficiently  wide  surface.  This  is  tlie  case,  for  example,  in  the 
OmUhorhynetu  of  Aastralia  (Ftg.  101)  ;  or  in  the  Otter  of  our 
own  country.  Wlien  the  members  are  intended  exclusively  for 
swimming,  however, they  undergo  more  considerable  modifications 
in  structure.  Tlie  parts  corresponding  with  the  arm  and  fore-arm 
are  very  short,  and  the  movements  of  the  hand  are  thus  limited, 
but  they  can  be  sccomplislied  with  all  the  more  force.  But  the 
bones  of  the  hand  are  large  and  spread  asunder,  and  are  enclosed 
in  a  firm  integument,  which  may  even  cover  their  extremities. 
Sometimes  the  number  and  arrangement  of  these  hones  are  pre- 
cisely the  same  as  in  the  hand  of  Man  ;  this  we  see  in  the  Seal, 
where  their  extremities  are  furnished  with  separate  claws,  tliat 
project  beyond  the  integument.  Sometimes  the  number  of 
phalanges  in  the  fingers    is  considerably  increased,  as  in   the 


Whale ;  and  in  other  instances,  the  fingers  are  replaced  by  a 
multitude  of  small  rods  of  hone,  enclosed  within  a  continuous 
skin,  such  as  we  see  in  the  fins  of  Fishes.     (See  Fig.  38.)     In 
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the  Seal,  which  does  not  depart  widely  in  its  general  canatmc- 
tion  from  Uod  Qiudropeda,  the  bind  feet  are  fttnned  upon  the 


same  plan  aa  the  fore ;  but  they  are  carried  far  backwarda,  ao  as 
almoat  to  occupy  the  position  of  the  tail. 

665.  In  the  Whale  and  ita  allies,  on  the  other  band,  tlie 
posterior  extremities  are  almost  entirely  wanting,  and  the  tail  is 
greatly  prolonged,  and  ex[>anded  at  ita  extremity.     Tliie  expan- 


aion,  bowerer,  (which  ia  in  the  horixottlal  direction)  ia  not  sup- 
ported by  bonea,  except  in  ita  centre ;  but  it  conaiata  internally 
of  cartilagee  and  tendona,  which  last  are  prolonged  from  a  set  of 
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Fio.  229.— Tail-Fin  or  Whalc. 


very  powerful  muscles  that  ore  attached  to  the  spine,  and  give 

to  this  arggu  an  enonnous  force  and  great  variety  of  motion* 

The  textare  of  the 

portion  of  it   hy 

which  the  hlow  is 

usually  given,   is 

such   that  it  can 

hardly  he  injured ; 

it  is  so  tough  that 

it  cannot  he  torn, 

and  so  free  from 

feeling,     that     a 

strokeof  it  against 

a  hard  suhetance 

gives  no  pain  to  the  animal.     If  it  strikes  a  hoat  across  the 

middle  with  the  edge,  the  hoat  is  cut  asunder  as  clean  and 

suddenly  as  if  hy  one  stroke  of  a  giant  axe  ;  whereas,  if  it  strikes 

with  the  flat  surface,  the  boat  is  driven  to  the  depth  of  many 

fathoms  with  the  swiftness  of  an  arrow.     Hence  this  tail  is  a 

most  efficient  instrument  for  the  propulsion  of  the  hulky  body  of 

the  Whale  through  the  water ;  and  it  is,  in  fact,  its  principal 

organ  of  locomotion.     The  paddles  formed  by  the  fore-feet  are 

placed  near  the  centre  of  gravity  of  the  whole  mass ;  and  tlius 

can  readily  exert  their  peculiar  action,  which  is  that  of  changing 

the  direction  of  the  movement,  and  especially  of  raising  and 

lowering  the  body. 

666.  The  propulsion  of  the  body  by  the  stroke  of  the  tail  in 
Whales  and  Fishes,  is  effected  precisely  in  the  same  manner  as 
the  urging  forwards  a  boat  through  the  water,  when  accom- 
plished by  the  motion  of  an  oar  at  the  stem  from  side  to  side, — 
in  the  mode  commonly  termed  tadling.  The  expansion  of  the 
Whale's  tail- fin  being  horizontal,  its  stroke  is  vertical,  and  may 
thus  readily  bring  the  animal  to  the  surface  of  the  water  for 
occasional  respiration,  as  well  as  propel  it  forwards ;  but  that  of 
the  Fishes  body  and  tail  being  vertical,  its  stroke  is  horizontal, 
and  its  action  will  simply  be,  to  urge  the  body  through  the 
water.     The  power  of  ascending  and  descending,  as  well  as  of 
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changing  the  direction  of  the  motion,  is  principally  doe  to  the 
side-fins,  which  represent  the  arms  and  legs.  The  direction  of 
the  surface  and  stroke  of  these  side-fins  varies  in  different 
species.  In  the  Cod,  Halihut,  and  others,  their  action  ap* 
pears  to  he  principally  directed  towards  keeping  the  body  in  its 
right  position  in  the  water;  since,  without  such  an  action, 
the  body  would  be  liable  to  turn  over,  in  consequence  of  the 
position  of  its  centre  of  gravity.  In  other  instances,  the  pectoral 
and  ventral  fins  move  in  such  a  manner  as  to  assist  the  action  of 

the  tail.  In  the  Rays,  the  pectoral  fins  are 
developed  to  an  enormous  extent ;  and  being 
directed  horizontally,  their  action  is  vertical  like 
that  of  the  wings  of  a  bird.  They  are  famished 
with  a  great  number  of  joints,  by  which  they 
are  rendered  very  flexible ;  and  their  surface 
may  be  thus  increased  daring  the  doftn^sitoke 
of  the  fin,  and  diminished  during  the  up-stroke. 
X? «  ooft  T>  If  this  were  not  done,  the  action  of  the  fins  in 

elevation  would  exactly  counterbalance  the 
effect  of  their  depression ;  and  no  movement  would  be  produced. 
The  great  power  of  the  pectoral  fins  of  these  Fishes  seems  con- 
nected with  their  want  of  an  air-bladder,  which  causes  them  to 
require  a  constant  exercise  of  force,  to  keep  them  up  in  the  water. 
Their  propulsion  forwards  is  chiefly  accomplished,  as  in  other 
Fishes,  by  the  action  of  the  tail.  But  sometimes  the  Rays 
change  their  position,  and  swim  sideways ;  making  horiiontal 
strokes  with  the  pectoral  fins  (whose  surface  is  then  vertical), 
by  which  they  are  moved  through  the  water ;  and  sustaining 
themselves  by  vertical  strokes  of  the  tail,  whose  surface  is  then 
horizontal. 

667.  The  structure  of  the  organs  adapted  for  movement  in 
the  air,  bears  great  analogy  to  that  of  such  expanded  fins ;  and 
there  are  instances  in  which  the  same  instruments  may  serve 
both  purposes.  Thus  there  are  Fishes  which  are  able  to  quit  the 
water,  and  execute  leaps  of  considerable  length,  supported  upon 
their  wing-like  pectoral  fins.  These  are  known  as  FIjing-Fiah; 
but  it  is  not  correct  to  speak  of  their  movement  as  one  of 


FLTINO-nSH  ;— PENariN  ; — PLVINQ  LKUUR,  &C.  493 

Jliffki,  siDce  it  does  not  appear  that  they  have  any  power  of 
propel)  i  ng  them  - 
selveeintheair; 
the  impulse  be- 
ing giTen  at  the 
moment  of  their 
quitUng  the  wa- 
ter, in  the  man- 
ner of  a  leap.  p_^  j3,._F^,™..F,„. 
From  50  to  100 

yards,  however,  are  eometimes  traversed  by  the  Pish  at  one 
leap ;  and  the  height  to  which  it  Tisee  from  the  nirface  of  the 
water,  is  oocaaionally  such  as  to 
carry  it  over  the  deck  of  a  ebip. 
On  the  other  hand,  there  are  seve- 
ral among  the  diving  Birds,  which 
vM  their  wings  as  instniments  of 
progreemon  heneath  the  water, — 
in  other  words,  as  fins.  The  moat 
remark  ably-oonstmcted  of  all  these 
is  the  Penguin,  in  which  the  wings 
are  so  short  as  to  be  incapable  of 
answering  any  other  purpose  ;  but 
there  are  several  species,  in  which 
they  may  he  used  as  organs  of  ^  m»-p™.»«. 

flight  in  the  air,  without    losing  thMt  fin-like  power  in   the 
water. 

668.  There  are  several  animals  that  can  sustain  themselvee 
for  a  short  time  in  the  air,  by  the  ud  of  an  expanded  surfoce 
formed  by  an  extension  of  the  skin,  and  serving  as  a  parachute. 
This  is  the  case,  for  instance,  with  the  Galeopithecus  or  Flying 
Lemnr  (Fig.  223),  the  Flying  Squirrel,  and  the  Flying  Opos- 
snm,  which  have  the  skin  stretched  ont  on  either  side  like  a 
cloak,  supported  by  the  anterior  and  posterior  extremities,  and 
by  the  tail.  By  this  parachute-like  surface  they  are  sustained 
in  extenmve  leaps  from  bough  to  bough;  though  it  doee  not 
enable  them  to  anpport  themselves  in  the  ur  for  any  length  of 
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Id  the  Draco  Volant  (Fig.  234),  a  little  animal  which 

—  lives  among  the  trees  of  tropical  forests, 

the  body  is  furnished  with  a  wing-like  ap  • 

pendageon  either  «de  ;  which  is  formed 

by  an  expansion  of  the  skin  over  six 

lengthened    ribs.        These  appendages 

,   serve  as  a  kind  of  paraehnt«,  on  which 

}  tliis  little  animal,  not  more  than  a  few 

inches    long,    flutters    from    branch  to 

branch  in  search  of  its  insect  prey,  or 

shoots,  like    the  flying   squirrel,  from 

tree    to    tree.      Tliey  cannot  be  made 

to  strike  the  air,  and  therefore  are  not 

true  wings;    but  they  can   be    folded 

up  and   extended    at  the    will    of  the 

u^oiLtonTHKm      dnimal. 

True  teingt,  or  instruments  of  propulsion  as  well  aa  of 


Fio.  134.— I>uca  Vor.A-.». 

mpport  in  the  tur,  are  fonnd  in  some  members  of  all  clasaes  of  air- 
breathing  Tertehrata  ;  but  they  are  especially  characteristie  of 
the  class  of  Birds,  in  which  class  the  ahtmoe  of  them  is  the  ex- 
ception to  the  general  rule ;  whilst  in  Mammalia  and  Reptiles,  H 
is  their  prtimee  which  constitutes  the  exception.  These  wings 
are  nniversally  formed  by  some  modification  of  the  anterior 
extremities,  which  renders  them  unfit  to  be  used  *a  instramenta 
of  progTeesion  on  the  ground  ;  but  the  nature  of  this  modifica- 


tion  Tuies  connderablf.     We  have  seen  that,  in  the  Bird,  the 
reqaired   extent  of  Hurface    is   chiefly  given    by  the    feathers 


o»" % 

Tibh. -- 


(§.87);  these  are  supported  upon  an  anterior  member,  of 
which  the  arm  and  fom-arni  (especially  the  latter)  constitute  the 
largest  part,  the  hand  being  contracted  and  consolidated 
(Fig.  235).  But  in  the  Bat,  the  plan  is  very  different.  We 
bare  here  no  long  stiff  feathers,  by  the  projection  of  which  from 
the  limb  itself,  the  surface  maybe  increased  to  almost  anyextent; 
bat  the  wing  is  formed  by  an  expansion  of  soft  and  delicate  skin, 
orer  a  framework  of  bones,  which  must  consequently  be  made  to 
support  it  to  its  very  edge.  This  is  accomplished  by  the  enor- 
mous extension  of  the  bones  of  the  hand,  especially  the  meta- 
carpal, which  are  here  separate  ;  and  the  membrane  is  farther 
snatuned  by  the  legs  and  tail.     The  thumb  is  not  included  in 
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tbe  wing,  but  serves  m  a  book  by  wbich  the  uumal  can  Boaptnd 
itself.     The  only  tnie  flying  Reptile  is    (oi  nther  inu)   the 


3B— SuinuH  or  But.     (RdcnBeautnFHi.  M7  ) 


Pterodaetylu*,  a  kind  of  -iringed  lizard,  which    doe*  not  no* 
exist,   but  of   whose  character    the   ikeietone  that  are  (omi 


imbedded  in  the  earth  afibrd  most  convincing  proof.  The  itrnc- 
tnre  of  i(a  wing  difl«red  from  that  of  either  Birds  or  Bats ;  1^ 
it  appears,  from  the  conformation  of  its  anterior  membw,  tW 
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the  animal  coold  bare  used  it  far  resting  or  walking  on,  tbe 
fatinework  of  the  wing  being  formed  by  the  enormouB  elongation 
of  one  finger  only, 

670.  Tbe  wings  of  Inaecta  have  no  analogy  whatever  with 
those  of  Vertebrata,  except  in  regard  to  their  use,  and  in  being 
compoaed  of  an  expanded  surface  of  membrane,  stretched  apon  a 
bard  framework.  This  framework  is  not  composed,  however,  of 
solid  pieces  jointed  together ;  bnt  is  merely  aa  extension  of  the 
air-tnbes  and  vessels  within  the  body,  which  are  strengthened  by 
a  continoation  of  its  hard  envelope.    Their  only  action  is  a 


hinge-like  movement  at  the  point  where  they  are  united  to  the 
body ;  and  tiiis  is  accomplished  by  powerful  mnsoles  contained 
within  the  thorax. 

67 1 .  In  all  instances,  the  action  of  the  wings  must  be  such, 
that  the  ur  is  struck  with  leas  force  during  tbe  up-stroke,  than 
daring  tbe  down-stroke ;  otherwise  the  effect  of  the  former 
wonld  nentrahse  that  of  the  latter.  This  is  accomplished,  partly 
by  the  great  velocity  of  the  down-stroke  compared  with  the  up- 
stroke, which  canses  the  resistance  of  the  air  to  be  much  greater 
in  the  former  than  in  the  latter.*     But  it  is  by  the  alteration  in 

•  Thii  miiUnce  nri«  i>  ths  tguart  oflht  veloeili/  of  the  itroke.  Hvdm, 
if  tb«  dawn-ilroks  bo  mtde  thne  timsB  ta  Gut  u  the  up-itroke,  ths  niiiUnca  it 
ciptricDMa  will  be  ninn  timn  u  gnsL  Bui  M  thii  onlj  opfirmHw  during  on«- 
llunl  or  tbe  lime,  it  u  in  eSeet  eqwl  lo  thne  timet  thkt  which  oftnlBt  tgunit  the 
ap-ittoke,  mud  which  would  teod  to  loner  the  Bird  In  the  ur. 
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the  Barface  of  the  wing,  as  it  acts  upon  the  air,  that  the  chief 
difference  is  made.  In  Birds  the  arrangement  of  the  great 
feathers  is  such,  that  they  strike  the  air  with  their  flat  sides,  hnt 
present  only  their  edges  in  rising.*  And  in  Insects,  the  expan- 
sion of  the  wings  may  he  altered  by  the  degree  in  which  the  air- 
tuhes,  that  constitute  the  principal  parts  of  their  nerves  or  frame* 
work,  are  distended  with  air,  by  the  pressure  of  the  muscles  con- 
tained in  the  body  upon  the  air-sacs  within. 

672.  The  degree  in  which  the  wings  act  in  raising  the  body, 
or  in  propelling  it  through  the  air,  varies  considerably  in  different 
animals,  according  to  the  way  in  which  they  are  9a,  Thus  in 
Birds  of  Prey,  which  require  a  rapid  horizontal  motion,  the  sur- 
face of  the  wings  is  very  oblique,  so  that  they  strike  backwards 
as  well  as  downwards,  and  thus  impel  the  body  forwards  whilst 
sustaining  it  in  the  air.  Such  Birds  find  a  difficulty  in  rising 
perpendicularly ;  and  can  in  fact  only  do  so  by  flying  against  the 
wind,  which  then  acts  upon  the  inclined  surface  of  the  wings 
just  as  it  does  upon  that  of  a  kite.  On  the  other  hand,  the 
Lark,  Quail,  and  such  other  birds  as  rise  to  great  heights  in  a 
direction  nearly  vertical,  have  the  wings  so  disposed  as  to  strike 
almost  directly  downwards.  It  has  been  estimated  that  a  Swal- 
low, when  simply  sustaining  itself  in  the  air,  is  obliged  to  use  as 
much  force  to  prevent  its  fall,  as  would  raise  its  own  weight  to 
a  height  of  about  26  feet  in  a  second.  Hence,  we  may  form 
some  idea  of  the  enormous  expenditure  of  force  which  must  take 
place,  when  the  body  is  not  only  supported,  but  raised  and  pro- 
polled  through  the  air.  The  Eider-duck  is  said  to  fly  90  miles 
in  an  hour,  and  the  Hawk  150.  The  Swallow  and  Swift  pass 
nearly  the  whole  of  the  long  summer  days  upon  the  wing,  in 
search  of  food  for  themselves  and  their  helpless  ofiapring ;  and 
the  rapidity  of  their  flight  is  such,  that  they  can  scarcely  traverse 
less  than  seven  or  eight  hundred  miles  in  that  time,  although 
they  go  but  a  short  distance  from  home.  The  flight  of  Insects 
is  even  more  remarkable,  for  its  velocity  in  proportion  to  their 

*  What  if  called  feathering  the  oar'm  rowiog,  U  a  timilar  operatioo,  perfomed 
with  the  same  intention,  and  denying  iti  name  from  this  reeemblance. 
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size ;  thus  a  Swallow,  which  is  one  of  the  swiftest-fljing  of 
Birds,  has  been  seen  to  chase  a  Dragon-fly  for  some  time,  with- 
out success ;  the  Insect  always  keeping  about  six  feet  in  advance 
of  the  Bird,  and  turning  to  one  side  and  the  other  so  instanta- 
neously, that  the  Swallow,  with  all  its  powers  of  flight,  and  tact 
in  chasing  Insects,  was  unable  to  capture  it. 

673.  If  the  preceding  estimate  of  the  power  expended  by  a 
Bird  in  sustaining  itself  in  the  air  be  correct,  it  may  be  easily 
proved  that  it  would  be  impossible  for  a  Man  to  sustain  himself 
in  the  air,  by  means  of  his  muscular  strength  alone,  in  any  man- 
ner that  he  is  capable  of  applying  it.  It  is  calculated  that  a 
Man  of  ordinary  strength  can  raise  13^  lbs.  to  a  height  of  3^ 
feet  per  second ;  and  can  continue  this  exertion  for  eight  hours 
in  the  day.  He  will  then  exert  a  force  capable  of  raising 
(13i  X  60  X  60  X  8)  381,600  lbs.  to  a  height  of  3^  feet ;  or  one- 
eighth  that  amount,  namely  47,700  lbs.  to  the  height  of  26  feet, 
which,  as  we  have  seen,  is  that  to  which  the  Bird  would  raise 
itself  in  one  second,  by  the  force  it  is  obliged  to  exert,  in  order  to 
sustain  itself  in  the  air.  Now  if  we  suppose  it  possible,  that  a 
Man  could  by  any  means  concentrate  the  whole  muscular  power 
required  for  such  a  day's  labour,  into  as  short  a  period  as  the 
accomplishment  of  this  object  requires,  we  might  And  the  time 
during  which  it  would  support  him  in  the  air,  by  simply  dividing 
this  amount  by  his  weight,  which  we  may  take  to  be  150  lbs. 
The  quotient  is  318,  which  is  the  number  of  seconds,  during  which 
the  expenditure  of  a  force,  that  would  raise  47,700  lbs.  to  a  height 
of  26  feet,  will  keep  his  body  supported  in  the  air ;  and  this  is 
but  little  more  than  5  minutes.  There  is  no  possible  means, 
however,  by  which  a  Man  could  thus  concentrate  the  force  of 
eight  hours'  labour,  into  the  short  interval  in  which  he  would 
have  to  expend  it,  when  supporting  himself  in  the  air.  And  we 
have  elsewhere  seen  (Mechanics,  §.  285),  that  by  no  combina- 
tion of  mechanical  powers  can  force  be  created ;  as  these  only 
enable  force  to  be  more  advantageously  applied.  Hence,  the 
problem  of  human  flight  will  never  be  solved,  until  some  source 
of  power  shall  be  discovered,  far  surpassing  that  which  his  mus- 
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cnlar  etrength  affords,  and  so  portabk  in  its  nature  u  not  nute- 
riallj  to  add  (o  hia  weight. 

674.    The  only  other  organs  of  locomotion  which  wa  have  to 
consider,  are  thone  of  prtKtnnon.     Of  these,  the  priaoipal  hare 
been  elsewhere  noticed,  with  reference  to  thrir  use  in  lajing  bdd 
of  food,  and  conveying  it  to  the  month  ($.  173),  and  with  regard 
to  the  differences  between  the  hand  of  Han  and  the  cls^iers  of 
the  Quadrumana  {%.  643).     The  band  of  Han  is  seldmn  em- 
ployed to  aasiBt  in  his  locomotion,  except  in  swimming  (where  it 
serves  the  purpose  of  a  fin),  and  in  climbing;  neither  of  wfaidt 
kinds  of  morement  can  be  said  to  be  natural  to  him.     But  the 
claspers  of  ^e  Qnadmmaoa  an 
most  efficient  instruments  of  loco- 
motion ;  enabling  them,  not  only 
to  grasp  the  branches  of  the  trees 
which  they  climb  to  despoil  them 
of  their  fruit,  bnt  also  to  catch 
hold  of  them  at  the  end  of  a  long 
leap.  Tliis  they  do  with  the  moat 
wonderful   agility ;   as  sU  who 
have  seen   Monkeys  in  drcnm- 
stancea  at  all  like  those  of  their 
nataral  habitations,   must   have 
observed.    The  Qibboas  or  bng- 
armed  Apes  of  the  East  Indies, 
are  probably  the  meet  ramarkable 
in  this  respect.     The  Author  baa 
seen  the    Unghaputi  leap  round 
and  round  a  room  of  about  15 
feet  square,  catching  at  each  ndn 
Fh.  1W.-CIIIIUAIUIL  |,y  gojBe  small  support  attadied 

to  the  wall ;  and  taking  its  nest  leap  (if  such  it  could  be  called) 
by  merely  swinging  itself  from  this,  without  touching  anything 
solid  witii  its  feet.  There  are  many  of  the  Honkey  tribe,  how- 
ever, especially  in  the  New  World,  whose  hands  are  less  efficient 
as  instrumenta  of  prehension ;  and  these  are  fumithed  with  a 
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pnhauiU  Ui], — that  is,  a  tiul  which  can  be  coiled  loiiiid  the 
bnuiofa  of  a  tree,  and  b7  which  the  (uumal  can  euapend  itself.    A 


riiniUr  iaSi  ia  poaaeseed  by  aome  of  the  Opossum  tribe ;    and 
by  the  Chameleon  among  Rcptilea. 


CHAPTER  XIII. 

OP  THE  VOICE. 

675.  It  is  not  by  their  movements  alone,  that  Animals  are 
enabled  to  influence  one  another.  Were  it  so,  their  communi- 
cation would  be  restricted  to  the  small  amount  which  can  be 
effected  by  signs  and  gestures.  This,  howeyer,  is  necessarily  the 
case  amoDgst  aquatic  animals  in  general ;  since  they  are  pre- 
vented, by  the  nature  of  their  Respiration,  from  producing 
sounds  through  its  means,  which  can  be  propagated  to  a  distance. 
Some  of  them  appear  to  have  the  power  of  communicating  with 
each  other,  however,  by  the  vibrations  which  they  can  excite  in 
the  water ;  of  this  we  have  already  noticed  an  example  among 
the  Whale  tribe  (§.  491)  ;  and  there  is  reason  to  believe,  that 
some  of  the  MoUusca  have  a  similar  means  of  communication. 

676.  Many  Insects  have  the  power  of  producing  a  conti- 
nuous sound,  which  probably  serves  the  purpose  of  intimating  to 
each  other  the  neighbourhood  of  their  own  kind ;  and  even,  in 
some  instances,  of  expressing  their  feelings :  some  of  these 
sounds  are  produced  only  during  flight.  Of  this  kind  is  the 
sharp  hum  of  the  Gnat,  Mosquito,  €rad-fly,  &c.,  which  is  often  a 
source  of  extreme  annoyance  to  man  and  beast ;  but  it  serves  to 
give  warning  of  the  proximity  of  these  blood-thirsty  Insects,  and 
is  therefore  of  real  service  to  the  animals  they  attack.  From 
some  recent  experiments  it  appears,  however,  that  in  Bees  and 
Flies  at  least,  the  sound  is  not  produced  so  much  by  the  vibra- 
tions of  the  wings  (to  which  it  is  commonly  attributed),  as  by 
the  vibrations  of  a  little  membranous  plate,  situated  in  one  of 
the  spiracles  or  stigmata  (§.  320)  of  the  thorax  ;  for  if  the  aper- 
tures of  these  are  stopped,  no  sound  is  heard,  though  the  wings 
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remain  in  vibration.  But  in  Cockchafers,  and  other  noisy 
Beetles,  Butterflies,  &c.)  no  such  apparatus  can  be  discovered. 
Other  sounds  are  produced,  while  the  Insect  is  feeding ;  that 
occasioned  by  the  armies  of  Locusts,  when  incalculable  millions 
of  powerful  jaws  are  in  action  at  the  same  time,  has  been  com- 
pared to  the  crackling  of  a 
flame  of  fire  driven  by  the 
wind.  Certain  two-winged 
Flies,  distinguished  by  a  long 
proboscis  (Fig.  241),  make 
a  humming  sound,  whilst 
sucking  honey  from  flowers  ; 
and  the  same  is  the  case 
with  some  of  the  Hawk- 
moths. 

677.      Some  Insects    are 
remarkable    for    a    peculiar 

mode  of  calling^  commanding^  or  giving  an  cdarm.  The  neuters 
or  soldiers  among  the  White  Ants,  make  a  vibrating  sound, 
rather  shriller  and  quicker  than  the  ticking  of  a  watch,  by 
striking  against  hard  substances  with  their  mandibles;  this 
seems  intended  to  keep  the  labourers,  who  answer  it  by  a  hiss, 

upon  the  alert,  and  at  their  work. 
The  well-known  sound  termed  the 
Death-watch  is  produced  by  a 
small  beetle  (Anobinm),  that 
burrows  in  old  timber ;  and  it 
is  occasioned  by  the  striking  of 
its  mandibles  upon  the  wood. 
The  sound  is  evidently  intended  by  the  animal  as  a  means  of 
communication  with  its  fellows;  for  if  it  be  answered,  it  is 
continually  repeated  ;  whilst  if  no  answer  be  returned,  the  ani- 
mal repeats  the  signal  in  another  place.  The  noise  exactly  resem- 
bles that  produced  by  tapping  moderately  with  the  nail  upon  the 
table ;  and  when  familiarised,  the  insect  will  very  readily  answer 
this  imitation.  The  most  remarkable  example  of  the  production 
of  sounds  for  the  purpose  of  authority,  is  that  of  the  Queen-Bee ; 


Fio.  242.— Death- Watch,   natural 
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whidi  hu  the  power  of  inflnenciiig  the  whole  hive,  cqwmallf 

About  the  time  of  Bwarroing,  by  the  peculiar  notea  abe  prodnoea. 

678.     ilmy  Inaeots   tutve  the  power   of  expreaiiig  their 

paauonB)  also, — m  fear,  anger,  sorrow,  joy,  or   love, — by  the 

Boondfl  they  can  generate.    The  most  carious  of  those  giren  oat 

nnder  the  influeooe  of  alarm,  is  that  prodnoed  by  the  5pUw 

Atr^o»,  or  DeathVhead  HEkwk-moth ;  which,  when  conBoed,  or 

taken  into  the  band, 

Bends  forth  a  itrong 

and  sharp  ay,  te- 


tbat  of  a  mouse,  bat 
mote  pluntiTs,  ud 
eren  lanentible. 
The  means  by  triiich 
<*»*°*-  this  cry  is  produced, 

hare  not  yet  been  oertainly  ascertMoed.  The  infloenoe  of 
ttnger^  torrow,  and  joy,  in  modifying  the  tone  of  the  ham  oi  Bee^ 
is  well  known  to  those  who  have  studied  their  habits ;  tin  Gnt 
is  particularly  evident  in  the  sharp  angry  tone  which  is  heard, 
when  the  hive  has  been  disturbed,  espedally  if  some  of  the  Bo«e 
have  been  killed ;  the  second  is  manifested  in  a  low  pUintin 
tone,  which  is  given  out  when  the  queen  has  been  taken  away; 
and  the  cheerful  humming  which  is  immediately  heard,  when  the 
Bovereign  is  restored,  is  an  evident  indieatioii  of  the  last  "  Bat 
bve  is  the  soul  of  song,  with  those  that  may  be  esteemed  the 
most  musical  Insects, — tlib  Oraashopper  tribes,  and  the  long 
celebrated  Cicada." "  Of  the  Grasshopper  tribes  belonging  to 
this  country,  the  most  noisy  are  the  Cnofcoit ,-  whose  soimd  is 
produced  by  the  rubbing  of  the  e/yfra,  or  wing-ooven,  one 
against  the  other.  In  several  species  it  may  be  distinctly  smdi 
that  a  very  strong  nervure,  on  one  of  these,  has  a  jagged  sarJiw 
like  that  of  a  file ;  and  that  this  works  agunst  a  ooUectiDD  of 
smaller  nervnres,  which  resemble  so  many  strings.     The  nmry 

•  Kirhj  ud  Spnioe'i  Eatoanlogr,  Vol.  ii.  Clu|i.  ii».,  whence  thraeielali 
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inhabitant  of  our  dwellings,  the  Honse-Cricket^  though  it  is 

often     heord    by 

day,  is  most  noisy 

in  the  night;  as 

soon  as  it  grows 

dnsk,    its    shrill 

note  increases  till 

it  becomes  qnite 

an  annoyance,  so 

as  even  to  inter-  fio.  944.— Homs-CRfCKST. 

mpt  conyersation,  and  prevent  sleep;  some  persons,  however, 
have  a  fondness  for  their  sound,  and  have  kept  them  for  their 
amusement. 

679.  The  Cicada  was  a  very  favourite  insect  among  the 
ancient  Greeks ;  and  was  frequently  mentioned  by  their  poets, 
with  the  most  endearing  epithets.  Its  song  was  considered  parti- 
cularly musical ;  and  it  was  regarded  as  the  happiest,  as  well  as 
the  most  innocent  of  animals, — ^perhaps  for  the  amusing  reason 
given  by  one  of  their  bards ; — 

**  Hftppj  the  Cicada  lives, 
Since  they  all  have  voiceleu  wires." 

The  Cicadsd  of  other  countries  produce  an  extremely  shrill  and 
disagreeable  sound,  which  can  be  heard  at  a  great  distance.  In 
the  warmer  parts  of  the  United  States,  there  is  a  species  which, 
in  the  hotter  months  of  summer,  is  a  very  troublesome  and  im- 
pertinent neighbour,  *^  perching  upon  a  twig,  and  squalling  some- 
times two  or  three  hours  without  ceasing,  especially  from  mid- 
day to  the  middle  of  the  afternoon,  thereby  too  often  disturbing 
the  studies  or  short  repose  that  is  frequently  indulged,  in  those 
hot  climates,  at  those  hours."  The  Cicada  of  Brazil  are  said  to 
be  audible  at  the  distance  of  a  mile  :  this  is  as  if  a  Man  of  ordi- 
nary stature,  supposing  his  powers  of  voice  increased  in  the  ratio 
of  his  size,  could  be  heard  all  over  the  world.  The  organs  by 
which  the  sound  is  produced,  are  placed  on  the  under  side  of  the 
body,  between  the  base  of  the  hind  legs  and  the  abdomcm  ;  and 
consist  externally  of  a  pair  of  large  flattened  plates  of  a  homy 
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texture,  vaiyiDg  ia  form  in  the  different  apeciee.     When  theae 
are  raised,  they  are  foaad  to  conceal  a  Urge  cavity  putiillf 
ooTered  with  a  membrane  of  a  mnch  more  delicate  natnre  thin 
the  eztemal  covering,  with  a  liomy  plate  in  the  middle,  which 
liea  along  the  bottom,     StiU  more  internally,  are  two  handles  of 
mnecles,  which  are  the  real  agents  in 
producing  the  sonnd ;  for,  when  they 
are  pnlled,  and  suddenly  let  go,  even 
in  a  dead  specimen,  the  sound  it  pro- 
duced as  well  as  though  the  iiued 
wwe  alive.     They  act  by  drawing  in 
and  forcing  out,  by  their  alternate  and 
rapid  contraction,  a  homy  dnm  or 
memhrane.stretched  in  such  a  masDer 
as  to  vibrate  readily  ;  the  sound  occa- 
sioned by  the  moTements  of  which, 
passes  out  through  an  apertnre  nsnn- 
bling   the    sound-holes    of   a  Tiolis. 
The  FulffOriE,  also,  have  oonndenhle 
sonnd- producing  powers;  hut  singm 
the  night,  whilst  the  Cicadsa  perfbrm 
Fia.  Ms^-Ciuiu.  in  the  day.    The  Great  Laotera-fly  of 

Gniana  (§.  400,  Fig.  163),  begins  regularly  at  sunset ;  and  ill 
noise,  resembling  that  of  a  rasor-grinder  at  work,  is  so  lend,  that 
the  insect  is  called  Scare-sleep  by  the  Dutch  colonists. 

680.  In  all  air-breathing  Yertebrata,  the  prodncticHi  of 
sonnd  depends  apon  the  passage  of  ur  through  a  certain  partton 
of  the  respiratory  tnbes,  which  is  so  oonstmcted  as  to  set  the  lir 
in  vibration.  In  Reptiles  and  Mammalia,  it  ia  at  the  poisl 
where  the  windpipe  opens  into  the  front  of  the  pharynx,  tint 
this  vibrating  apparatus  is  situated.  Few  of  the  animals  of  th« 
former  class,  however,  can  produce  any  other  sound  than  a  lti», 
occanoned  by  the  passage  of  air  through  the  narrow  chiok,  by 
which  the  trachea  communicates  with  the  pharynx ;  but  this 
Mitnd,  owing  to  the  great  capacity  of  their  langs  (§.  325),  i< 
often  very  mnch  prolonged.  In  the  Mammalia,  on  the  other 
hand,  there  are  few,  if  any,  which  have  not  some  vocal  aaaai; 
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co™de„bly  „  the  «,.„!  trib«  of  ,h.  .|„,  £  i.g  by  f^.  ^ 

^™rf  ,b.  I.rp„,  ,h..h  1,  .it^ted  b..=..h  tb,  b.«Ttb. 
lo»gt..,  «.d  ,n  („«  of  ih.  phary„  (5. 192,  pi„  J05,  j  , 
«.|»»drf  „  ,1  ,o„,  ft<,„  ,1.  i^  j„,  •  ^^ 
bo»e  of  .  bo«..boe  form,  del«,b«i  f„m  th.  ,„,  „f  ,ko  .k,ll„ . 
fjoo.  two  p„,„,ioo.  (;),.„  lbeopp„.idoofwhi.b,«„,J  of 
th.  m™l«,  of  tb.  toogo.  origia.t..  Tb.  .id.,  of  tb,  ].r,n,  «. 
fonnod  by  tm  lu^  mail^„  (,,  Fig.  2«),  wbiob  mUnn^ 


Fid.     MT.  —  TmnCAt 

i.t,yo\i.ioot:l.paM 

c.fan«fa.a(m<wl»ort]» 
iDTifng :  (.  thynid  cartl- 
Uce;   a.     praJHiloD    It. 
fraot.   commcnilx  d>[1h1 
AaM0-,i.pp1.:(,  cricoid 

glollill    <r,   cplilollli  ; — 

cvtIUo ;  f r,  (iBcbH ;  », 

poatarHiT    Hda     of     tbe 

tuTBi,  la  coDMct  ir[Ui 

the  tAyroid  cartilages ;  where  theie  meet  on  the  middle  line,  a 
projection  is  formed,  whicti  ia  particularly  prominent  in  Man, 
and  has'  received  the  name  of  Pomum  Adami,  or  Adam''s  Apple 
(a).  The  thyroid  cBrtilaf;es  rest  upon  another,  termed  the  cri- 
coid (c)  ;  this  has  tbe  form  of  a  ring,  much  deeper  behind  than 
in  front,  and  anrmonuts  the  trachea,  with  the  upper  ring  of 
which  its  lower  edge  ta  connected,  by  a  membrane.  Upon  the 
upper  surface  of  the  back  of  the  cricoid  cartilage,  where  there  ia 
an  open  space  left  between  the  two  thyroid  cartilages,  are 
nonnted  two  small  cartilaginoos  bodies,  the  atTftmoid  (ar,  Fig. 
347).    These  are  mnvable  to  a  certiun  extent;  and  their  position 


508  STRUCTURB  OF    THE   LABTNX. 

may  be  changed  in  Yarious  directioiifl»  by  seTenl  mnsdes  wbkli 
act  upon  them. 

681.     To  these  arjrtenoid  cartilagea  are  attached  two  liga- 
ments, of  elastic  fibrons  substance  (§.  29),  which  pass  forwards, 
to  be  attached  to  the  front  of  the  thyroid  cartilage,  where  they 
meet  in  the  same  point.     These  are  the  instruments  concerned 
in  the  production  of  sound,  and  also  in  the  regulation  of  the 
:^>erture  by  which  air  passes  into  the  trachea ;  and  they  are 
usually  termed  the  vocal  cards  or  liffammUs.    By  the  meeting  oi 
these  ligaments  in  front,  and  their  separation  behind,  the  wper- 
ture  has  the  form  of  a  Y ;  but  it  may  be  narrowed  by  the  draw- 
ing together  of  the  arytenoid  cartilages,  until  the  two  vocal 
ligaments  touch  each  other  along  their  whole  length,  and  the 
aperture  is  completely  closed.     In  this  manner,  the  amount  of 
air  permitted  to  pass  through  the  larjmz  is  regulated ;  and  a 
protection  is  afforded  against  the  entrance  of  solid  substances. 
An  additional  guard  is  afforded  by  the  doubling  of  the  lining 
membrane,  in  such  a  manner  as  to  form  a  second  pair  of  folds 
(/,  #,  Fig.  248),  above  the  preceding ;  and  over  tfie  Bpmoe  be- 
tween these  (which  is  much  wider  than  that  between  the  vocal 
cords)  there  is  a  valve-like  flap,  the  epightHs  («,  Fig.  247), 
which  is  pushed  down  upon  it  in  the  act  of  swallowing,  so  as  to 
prevent  the  entrance  of  solid  or  fluid  particles  into  the  spaoe 
beneath,  which  is  called  the  gloUu.     From  the  causes  formerly 
mentioned  (§.  193),  such  particles  are  occamonally  drawn  into 
the  glottis ;  and  they  excite,  by  a  reflex  action,  an  involnntary 
and  extremely  violent  cough,  which  tends  to  expel  them  again. 
Sometimes,  however,  solid  bodies  of  no  inconsiderable  me  find 
a  lodgment  in  the  wide  spaces  («,  Fig.  248)  between  the  upper 
and  lower  pair  of  ligaments,  which  are  termed  the  ventri^M  of 
the  larjmx;  and  occasionally  they  pass  through  the  opening 
between  the  vocal  cords,  which  is  termed  the  rima  glaUuKi  or 
fissure  of  the  glottis,  into  the  wind-pipe. 

682.  In  the  ordinary  acts  of  inspiration  and  expiration,  the 
arytenoid  cartilages  are  wide  apart,  so  that  the  ^[lerture  is  as 
laige  as  posnble ;  but  for  the  production  of  vocal  aounda,  it  is 
necessary  that  the  aperture  should  be  narrowed,  and  that  the 
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flat  sides,  rather  tfaan  the  edges,  of  the  vocal  ligaments  should  he 
opposed  to  one  another.  This  is  accomplished  by  a  peculiar 
movement  of  the  arytenoid  cartilages,  occasioned  by  the  con- 
traction of  certain  muscles.  When  this  is  the  case,  the  air,  in 
passing  through  the  larjmx,  sets  these  ligaments  in  vibration ; 
in  a  manner  very  much  resembling  that  in  which  the  reed  of  a 
Hautboy  or  Clarionet,  or  the  tongtte  of  an  Accordion  or  iColina, 
is  set  in  vibration  by  the  current  of  air  that  is  made  to  pass 
beneath  them.  The  rapidity  of  the  vibrations,  and  consequently 
thepiteh  of  the  sound  (§.  523),  depends  on  the  degree  of  tengion 
or  tightness  of  the  vocal  ligaments ;  and  this  is  regulated  by 
muscles  which  act  upon  the  thyroid  tAd  arytenoid  cartilages. 
If  the  thyroid  cartilage  be  drawn  forwards,  and  the  arytenoid 
cartilages  backwards,  the  two  ends  of  the  vocal  cords  will  be 
further  separated  from  each  other,  and  they  will  consequently  be 
tightened ;  by  the  contrary  movements  they  will  be  relaxed. 

683.     The  power  which  the  will  possesses,  of  determining, 
with  the  most  perfect  precision,  the  exact  degree  of  tension 
which  these  ligaments  shall  receive,  is  extremely  remarkable. 
Their  average  length  in  the  male,  in  a  state  of  repose,  is  esti- 
mated at  about  yS-lOOths  of  an  inch ;  whilst  in  the  state  of 
greatest  tension,  it  is  about  93-lOOths ;  the  difference  is  therefore 
about  20-lOOths,  or  l-5th  of  an  inch.     In  the  female  glottis,  the 
average  dimensions  are  about  51-lOOths,  and   GS-lOOths,  re- 
spectively; so  that  the  difference  is  only  12-lOOths,  or  less  than 
l-8tb,  of  an  inch.     Now  the  natural  compass  of  the  voice  (or 
distance  between  its  highest  and  lowest  notes)  in  most  persons 
who  have  cultivated  the  vocal  organ,  may  be  stated  at  about 
two  octaves,  or  24  semitones.     Within  each  semitone,  a  singer 
of  ordinary  capability  could  produce  at  least  10  distinct  inter- 
vals ;  so  that,  for  the  total  number  of  intervals,  240  is  a  very 
moderate  estimate.     There  must,  therefore,  be  at  least  240  dif- 
ferent states  of  tension  of  the  vocal  cords,  every  one  of  which  can 
be  at  once  determined  by  the  will ;  and  the  whole  variation  in 
their  length  being  not  more  than  l-5th  of  an  inch,  even  in  Man, 
the  variation  required  to  pass  from  one  interval  to  another  will 
not  be  more  than  l-1200th  of  an  inch. — And  yet  this  estimate 

M  M 
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18  much  below  that  which  might  be  truly  mide,  from  the  per* 
formance  of  a  practised  Tocaliat.  It  is  said  that  the  celebrated 
Madame  Mara  was  able  to  Boand  100  difierent  intervals  between 
each  tone.  The  compass  of  her  voice  was  at  least  20  tones ;  so 
that  the  total  number  of  intervals  was  2000,  all  comprised  within 
an  extreme  variation  of  1  -8th  of  an  inch :  hence  it  may  be  asid 
that  she  was  able  to  determine  the  contractions  of  her  vocal 
muscles  to  the  l-16,000th  of  an  inch. 

684.  It  is  on  account  of  the  greater  length  of  the  vocal  cords, 
that  the  pitch  of  the  voice  is  mudi  lower  in  Man  than  in  Woman ; 
but  this  difference  does  not  arise  until  the  end  of  the  period  of 
childhood, — ^the  sise  of  the  larynx  being  about  the  same  in  the 
Boy  and  Qirl,  up  to  the  age  of  14  or  15  years,  but  then  under* 
going  a  rapid  increase  in  the  former,  whilst  it  remains  nesily 
stationary  in  the  latter.  Hence  it  is  that  Boys,  as  well  as  (Hris 
and  Women,  sing  trMe;  whilst  Men  sing  tmwr^  which  is  abont 
an  octave  lower  than  the  treble,  or  6a«9,  which  is  lower  stilL — 
The  cause  of  the  variations  of  timbre  or  gtioliiy  in  diffnent  voicei, 
is  not  certainly  known ;  but  it  appears  to  be  due,  in  part^  to 
differences  in  the  degree  of  flexibility  and  smoothness  in  the 
cartilages  of  the  larjmx.  In  women  and  children  these  cartilageB 
are  usually  soft  and  flexible,  and  their  voices  dear  and  smooth ; 
whilst  in  men,  and  in  women  whose  voioes  have  a  masculuie 
roughness,  the  cartilages  art  harder,  and  are  sometimes  almost 
completely  ossified.  The  hudneu  of  the  voioe  depends  in  part 
upon  the  force  with  which  the  air  is  expelled  from  the  lungs ; 
but  the  variations  in  this  respect  which-  exist  among  diffarant 
individuals,  are  due  to  the  degree  in  which  its  resonance  is 
increased,  by  the  vibration  of  the  other  parts  of  the  larynx,  and 
of  the  neighbouring  cavities.  In  the  Howling  Monkeys  of 
America,  there  are  several  pouches  which  open  from  the  Ivynz, 
and  are  destined  to  increase  the  volume  of  tone  that  issoes  from 
it ;  one  of  these  is  excavated  in  the  substance  of  the  hyoid  bone 
itself^  which  is  very  greatly  enlarged ;  and  to  this  bony  droni 
seems  due  the  mottmful  plaintiveness,  which  characterises  the 
tone  of  these  animals.  Although  the  largest  of  the  Amerioaa 
Monkeys,  these  Howlers  are  of  inconsiderable  sine ;  yet  tiieir 
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T(HOM  are  loader  than  the  roaring  of  lions,  being  dietinctly  audi- 
ble at  the  diatance  of  two  miles ;  and,  when  a  nnmber  are  con- 
gregrated  together,  the  effect  is  terrific. 

685.  In  Birds,  the  ntuation  of  the  Tocal  organ  ia  very 
difibrent.  The  trachea  opens  into  the  Pharynx,  as  in  fieptilcs, 
hy  a  mere  slit ;  the  border*  of  which  have  no  other  movement, 
than  that  of  approaching  one  another,  so  as  to  cloee  the  aperture 
when  neccMarj.  But  at  the  hteer  extremity  of  the  trachea, 
jnst  where  it  sabdividee  into  the  bronchial  tubes,  there  is  a  sort 
ot  larynx  or  vocal  organ,  which  is  of  very  complex  construction, 
especially  in  the  singing-birds.  The  external  surface  of  this 
laiTUX  is  represented  in  Fig.  249  ;  it«  muscles,  m,  m',  being  left 
in  their  places  on  one  nde,  and  removed  on  the  other.  At  <  t,  is 
seen  the  trachea ;  at  the  lower  extremity  of  which,  f",  is  a  sort 
of  bony  drum,  I,  divided  at 

its  lower  part  by  a  parti- 
tion of  the  same  material     , 
(o,  Fig.  250),     which    is 
anrmounted    by  a    semi-     '' 
Innar  membrane  (e,  Fig.  ^, 

250).     This    dmm    com- 
mnnicates  below  with  the    j,- 
two  bronchial  tubes,  bh',     '' 
each  of  which  has  its  own  '  ucnDx  w'm" 

glot^s  and  vocal  cords;  the     '  **"*■ 

inner  lip  of  one  of  these  is  "^  ^-^'•""  "'  •  "»«■ 
seen  at  a  (Fig.  260)  ;  and  at  ms  is  shown  a  drum-like  membrane, 
forming  the  inner  wall  of  the  bronchial  tube,  which  probably 
increases  the  resonance  of  the  voice.  These  parts  are  acted  on 
by  several  muscles,  the  number  of  which  varies  according  to  the 
compass  and  flexibility  of  the  voice  in  the  different  species; 
being  very  considerable  in  the  most  esteemed  of  the  singing- 
birds,  and  being  reduced  to  a  small  amount  in  those  which  have 
no  vocal  powers.  In  some,  indeed,  they  are  altogether  absent ; 
and  the  state  of  the  glottis  can  be  inflaenced  only  by  those 
maaolea  which  raise  and  lower  the  whole  trachea. 

686,  The  vocal  sounds  produced  hy  the  action  of  the  larynx 


5J2  DIFFERENT    KINDS   OF   VOICE. 

are  of  very  difierent  oharaciers ;  and  may  be  ^tingnisbed  into 
the  cry^  tbe  sof^,  and  tbe  ordinary  or  acquired  Toiee.  -*The  cry 
18  generally  a  sbarp  sound,  having  little  modulation,  or  accuracy 
of  pitch,  and  being  usually  disagreeable  in  its  timbre  or  quality. 
It  is  that  by  which  animals  express  their  unpleasing  emotions, 
espedally  pain  or  terror ;  and  the  Human  in&nt,  like  many  of 
the  lower  animals,  can  utter  no  other  sound. — In  «m^,  by  the 
regulation  of  the  vocal  cords,  definite  and  sustained  musical  tones 
are  produced,  which  can  be  changed  or  modulated  at  the  will  of 
the  individual.  Different  species  of  Birds  have  their  respective 
songs;  which  are  partly  instinctive,  depending  upon  the  construo- 
tion  of  their  larynx ;  and  are  partly  governed  by  their  education. 
In  Aian,  the  power  of  song  is  entirely  acquired ;  but,  when  once 
acquired,  it  is  far  more  susceptible  of  variety  and  exprewon,  than 
that  of  any  other  animal.  In  fact  the  larjmx  of  Man  may  be 
said  to  be  the  most  perfect  musical  instrument  ever  constructed.— 
The  voice  is  a  sound  more  resembling  the  cry,  in  this, — ^that  it 
does  not  consist  of  sustained  musical  tones ;  but  it  difiers  from 
the  cry,  both  in  the  quality  of  its  tone,  and  in  the  modulation  of 
which  it  is  capable  by  the  will.  In  ordinary  conversation,  the 
voice  passes  through  a  great  variety  of  musical  tones,  in  the 
course  of  a  single  sentence,  or  even  a  single  word, — sliding  im- 
perceptibly from  one  to  another ;  and  it  is  when  we  attempt  to 
fix  it  definitely  to  a  certain  pitch,  that  we  change  it  firom  the 
Bpeaking  to  the  nnginff  tone. 

687.  It  is  to  the  wonderful  power  that  Man  possesses,  of 
producing  artteulate  sounds,  which  form  a  medium  by  which  he 
can  communicate  ideas  of  any  kind  to  his  fellows, — ^that  much  of 
his  superiority  to  other  animals  is  due.  Nevertheless,  it  is  not 
to  this  alone  that  we  must  attribute  it ;  for  many  animals,  eqw- 
cially  Birds,  can  produce,  by  imitcaion^  sounds  as  articulate  as 
those  of  Mfui ;  but  the  mind  which  originates  them,  and  which 
uses  them  as  expressions  of  its  ideas  and  desires,  is  deficient. 
.  688.  All  spoken  language  is  made  up  of  a  certain  number 
of  elementary  sounds,  which  are  combined  into  syllables,  words, 
and  sentences.  It  may  be  easily  shown,  upon  arithmetical 
principles,  that  from  20  or  more  of  these  elementary  sounds,  an 
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almost  infinite  variety  of  combinations  may  be  produced ;  and 
from  such  an  inexhaustible  store,  there  is  no  difficulty  in  deriving 
new  combinations,  to  represent  any  new  ideas  that  we  may 
desire  to  express.  These  simple  or  elementary  sounds  ought  to 
be  represented  by  an  equal  number  of  single  letters  ;  this  is  the 
case,  however,  in  but  few  languages.  Our  own  is  particularly  faulty 
in  this  respect ;  for  there  are  many  simple  sounds,  that  can  be 
only  represented  by  a  combination  of  letters ;  whilst  others  may 
be  represented  by  more  than  one  single  letter;  and  in  some 
instances,  a  single  letter  represents  a  composite  sound.  Thus  the 
sounds  of  au  and  th  are  really  simple  ones,  and  ought  to  be 
represented  by  single  letters.  Again,  the  sound  of  k  is  repre- 
sented also  by  the  hard  c,  as  in  the  first  syllable  of  concert ;  and 
the  sound  of  9  by  the  soft  c^  as  in  the  second  syllable  of  the  same 
word,  where  the  c  is  sounded  exactly  as  the  s  in  consent.  And 
the  letter  i  (as  usually  pronounced  in  English)  does  not  repre- 
sent a  simple  sound,  but  a  combination  of  two,  as  will  be  pre- 
sently shown.  Most  of  the  Continental  languages  are  superior 
to  the  English  in  this  respect. 

689.  Yocal  sounds  are  divided  into  Vowels  and  Consonants ; 
the  true  distinction  between  which  appears  to  be,  that  the 
Vowel  sounds  are  c(mtinu<nu  tones^  modified  by  the  form  of  the 
aperture  through  which  they  pass  out ;  whilst  in  giving  utter- 
ance to  Consonants,  there  is  a  partial  or  complete  interruption 
to  the  breath,  in  its  passage  through  the  organs  in  front  of  the 
larynx.  Hence  all  true  Vowels  may  be  prolonged  for  any 
length  of  time,  that  the  breath  is  supplied  from  the  lungs ;  whilst 
the  sound  of  many  Consonants  is  momentary  only.  It  is  easy 
for  any  one  to  convince  himself  that  the  Vowel  sounds  are 
governed  simply  by  the  form  of  the  cavity  of  the. mouth,  and  by 
that  of  the  aperture  of  the  lips,  by  passing,  in  one  continued 
tone^  from  one  of  the  following  vowel  sounds  to  another. 


English  a 

as  in  ah 

Continental  a 

English  a     . 

fts  in  all 

Diphthong  au 

English  a     . 

as  in  name    . 

Continental  e 

English  e 

as  in  theme   .     , 

Continental  t 

English  0 

as  in  cold 

(.'ontinental  o 

English  00   . 

as  in  eool 

.     Continental  u 
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The  tkort  vowel  soands,  as  a  in  fat,  e  in  met,  o  in  pot,  &c.,  sn 
not  capable  of  being  prolonged  ;  as  they  are  formed  in  the  act 
of  preparation  for  sounding  the  succeeding  consonant.  The 
sound  of  the  English  t  is  a  compound  one,  being  formed  in  the 
act  of  transition  from  that  of  a  as  in  oA,  to  that  of  «  as  in  Atm$  ; 
hence  it  cannot  be  prolonged ;  and  it  is  the  veiy  worst  Yowel 
sound  upon  which  to  sing  a  long  note,  since  it  is  impossible  to 
prevent  its  being  heard  as  one  of  the  sounds  of  which  it  is  com- 
posed. Much  discussion  has  taken  place,  with  reference  to 
the  true  characterB  of  the  letters  w  and  y,  when  emplojed  to 
commence  words,  as  «oaZ/,  yatol^  wet^  yet*  A  little  attention  to 
the  state  of  the  mouth  in  pronouncing  them  will  show,  how- 
ever, that  they  are  then  really  vowel  sounds,  rapidly  tims- 
formed  into  the  succeeding  ones ;  for  the  sound  of  to  in  thii 
situation  is  oo  ;  and  that  of  y  is  the  long  #  ;  so  that  wail  might 
be  spelt  odall,  and  yaid  eaul. 

690.  Consonants  are  naturally  divided  into  those,  which 
require  a  UnUd  stoppage  of  the  breath,  at  the  moment  previous  to 
their  being  pronounced,  and  which  cannot  therefore  be  prolonged; 
and  those,  in  pronouncing  which  the  interruption  is  partial,  and 
which  can  be  prolonged  like  the  vowels.  The  former  are  termed 
explosive  consonants ;  the  latter  eonHnuous*  The  explosive  eon- 
sonants  are  b  and />,  d  and  /,  the  hard  y  and  k.  All  the  othen 
are  continuous ;  but  the  sound  is  modified  by  the  position  of  the 
tongue,  palate,  lips,  and  teeth ;  and  abo  by  the  degree  in  wliich 
the  air  is  permitted  to  pass  through  the  nose. 

691 .  The  study  of  the  mode  in  which  the  different  consonants 
are  produced,  is  of  particular  importance  to  those  who  laboor 
under  defective  speech,  especially  that  difficulty  which  is  known 
as  HamtMring,  This  very  annoying  impediment  is  occasioned 
by  a  want  of  proper  control  over  the  muscles  concerned  in  arti- 
culation ;  which  are  sometimes  affected  with  a  kind  of  spasmodic 
action.  It  is  in  the  pronunciation  of  the  consonants  of  the  ex- 
plosive class,  that  the  stammerer  usually  experiences  the  greatest 
difficulty ;  for  the  total  interruption  to  the  breath,  which  they 
occasion,  is  frequently  continued  involuntarily,  so  that  either  the 
expiration  is  entirely  checked,  or  the  sound  comes  out  in  jerks. 
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Sometimes,  on  the  other  hand,  in  pronouncing  vowels  and  con- 
tinaous  consonants,  the  stammerer  prolongs  his  expiration,  with- 
out being  able  to  check  it.  The  best  method  of  curing  this 
defect  (where  there  is  no  malformation  of  the  organs  of  speech, 
but  merely  a  want  of  power  to  use  them  aright),  is  to  study  the 
particular  defect  under  which  the  individual  suffers ;  and  then 
to  make  him  practise  systematically  the  various  movements  con- 
cerned in  the  production  of  the  sounds  in  question,  at  first  sepa- 
rately, and  afterwards  in  combination,  until  he  feels  that  his 
voluntary  control  over  them  is  complete.  * 

*  For  B  fuller  considention  of  tb»  subject,  see  the  Author's  Human  Physiology, 
Chap.  Yi. 


CHAPTER  XIV. 

OF  INSTINCT  AND  INTELLIGENCE. 

692.  It  will  be  remembered  that,  when  the  Nervous  Sjstem 
was  described  (Chap,  xl),  it  was  shown  to  be  the  instmment 
of  three  classes  of  operations,  each  of  which  seems  to  be  per- 
formed by  a  distinct  portion  of  the  system.— I.  The  first  of  these 
is  the  class  of  Reflex  actions,  which  are  executed  only  in  respon- 
dence  or  answer  to  the  impression  made,  by  certain  agents  ope- 
rating upon  the  nerves  proceeding  to  a  ganglionic  centre ;  as 
when  a  Dytiscus,  whose  head  has  been  cut  off,  executes  swim- 
ming movements,  immediately  that  its  feet  come  in  contact  with 
water.  These  actions  are  evidently  performed  without  any 
choice  or  direction  on  the  part  of  the  animal,  which,  in  execut- 
ing them,  seems  like  a  mere  machine,  adapted  to  perform  certain 
actions  when  certain  springs  are  touched ;  and  it  has  been  shown 
that  they  may  take  place,  even  without  its  consciousness.  Of 
these  reflex  movements,  the  Spinal  Cord  of  Vertebrata,  and  in 
Invertebrata,  the  ganglia  corresponding  to  it  (in  regard  to  their 
connections  with  the  organs  of  locomotion,  respiration,  &c.)  are 
the  instruments. — II.  The  second  class  comprehends  the  lostino- 
tive  and  Emotional  actions,  which  differ  finom  the  preceding,  in 
being  dependent  on  the  Sematums  received  by  the  animal,  and 
in  being,  therefore,  never  performed  without  its  oonsciousnesib 
Nevertheless,  the  animal  in  executing  them  is  not  guided  byaoy 
perception  of  the  object  to  be  attained,  or  by  any  choice  of  the 
means  by  which  it  is  to  be  accomplished ;  but  acta  blindly  and 
involuntarily,  in  accordance  with  an  irresistible  impolse,  im- 
planted in  it  by  its  Creator  for  the  purpose  of  doing  that,  wiiknU 
or  even  againti  its  Will,  which  it  would  not  have  chosen  or 
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devised  by  its  very  imperfect  intelligence.  The  Actions  of  this 
class  are  most  wonderful  in  the  Invertebrata,  which  possess  the 
least  Intelligence ;  and,  on  the  contrary,  they  are  fewest  and 
least  remarkable  in  Man,  whose  Intelligence  is  highest.  From 
the  constant  proportion  which  they  bear  to  the  size  of  the  ganglia 
of  sensation,  which  form  nearly  the  whole  nervous  mass  in  the 
head  of  Insects,  &c.,  and  a  large  part  of  that  of  the  lower 
Yertebrata,  but  which  are  comparatively  small  in  the  Mam- 
malia, and  especially  in  Man,  there  seems  good  reason  to  regard 
these  organs  as  their  chief  instruments. — III.  The  third  and 
highest  class  of  actions,  is  that  in  which  Intelligence  is  the  guide, 
and  the  Will  the  immediate  agent.  The  animal  receives  sensa- 
tions, forms  a  notion  of  their  cause,  reasons  upon  the  ideas  thus 
excited,  perceives  the  end  to  be  attained,  chooses  or  devises  the 
means  of  accomplishing  it,  and  voluntarily  puts  those  means  into 
execution.  These  actions  are  seen,  in  their  highest  and  most 
complete  form,  in  Man ;  but  they  are  not  confined  to  him ;  for, 
as  will  be  shown  hereafter,  true  reasoning  processes  are  performed 
by  many  of  the  lower  animals.  There  can  be  no  doubt  that  the 
Cerebral  hemispheres,  which  form  the  Brain  properly  so  called, 
constitute  the  instrument  by  which  these  actions  are  executed  ; 
for  we  find  their  size  and  development  bearing  a  very  regular 
proportion  to    the    degree   of  Intelligence  which  the  animal 


693.  It  follows,  then,  that  the  lower  we  descend  in  the  scale 
of  Animal  life,  the  larger  is  the  proportion  of  the  movements  of 
any  particular  species,  which  we  are  to  attribute  to  the  Reflex 
and  the  Instinctive  classes ;  whilst  the  proportion,  which  is  due 
to  Intelligence  and  Will,  diminishes  in  a  like  degree.  Thus  we 
have  seen  that  the  ordinary  movements  of  locomotion,  which  are 
for  the  most  part  voluntary  in  Man,  are  reflex  in  Insects  (§.  445) ; 
and  perhaps  it  would  not  be  wrong  to  suppose,  that  the  move- 
ments of  the  tentacnla  of  the  Hydra,  by  which  it  entraps  its  prey 
and  draws  it  to  the  entrance  of  its  stomach  (§.  14),  are  of  a  reflex, 
rather  than  a  voluntary  or  instinctive  character,  since  they  are 
obviously  analogous  to  the  movements  of  the  phar3mgeal  muscles, 
by  which  the  food  is  grasped,  and  carried  into  the  alimentary 
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tube,  in  the  highest  animab  (§.  195).  There  is  one  canons  fact, 
which  would  seem  to  indicate  a  difference  between  them,  bat 
which  is  really  a  strong  argument  in  favour  of  their  analogy.  It 
is  continually  obseryed  that,  when  the  stomach  of  the  Polype  is 
full,  its  arms  do  not  make  any  attempt  to  seise  objects  that  touch 
them  ;  so  that  small  worms,  insects,  &c.,  which  would  at  other 
times  be  entrapped,  may  now  come  near  them  with  impunity.  It 
has  been  supposed  that  this  results  firom  an  act  of  cAoiee  on  the 
part  of  the  animal,  and  that  its  choice  is  influenced  by  its  con- 
sciousness that  its  stomach  is  supplied  with  food.  It  mnst 
seem  improbable  that  an  Animal,  which  so  nearly  resembles 
Phmts  in  its  general  habits,  and  in  which  the  nerrons  aystem 
is  so  obscure  that  it  has  not  yet  been  discovered,  shonld  possess 
mental  endowments  of  so  high  a  character ;  and  we  may  find,  in 
studjdng  our  own  functions,  a  circumstance  exactly  parallel  to 
that  just  mentioned.  For  when  we  oommenoe  eating,  with  a 
good  appetite,  we  may  notice  that  the  ransclesof  D^lutition  act 
very  readily ;  but  when  we  are  completely  satisfied,  it  is  often 
difficult  to  excite  these  muscles  to  contraction,  so  as  to  swallow 
another  morsel,  even  though  for  the  gratification  of  our  palate  we 
may  desire  to  do  so.  Thus  we  see  how  much  better  a  guide  we 
find  in  Nature,  for  the  amount  of  food  we  require,  than  in  oar 
own  pampered  tastes. 

694.  The^nr^  class,  that  of  Reflex  Movements,  has  been 
already  considered  in  sufficient  detail ;  but  it  is  intended,  in  the 
present  Chapter,  to  ofiw  some  examples  of  those  of  the  metmd  and 
third  classes, — those  actions,  namely,  which  are  guided  by 
ImUnd  and  InUUigmoe  respectively.  These  actions  may  be 
usually  distinguished  by  the  two  following  tests : — 1.  Although 
in  most  cases,  experience  is  required  to  give  the  Will  command 
over  the  muscles  concerned  in  its  operations,  no  experience  or 
education  is  required,  in  order  that  the  diffiarent  actiona,  whidi 
result  firom  an  Instinctive  impulse,  may  follow  one  another  with 
unerring  precision.  2.  Instinctive  actions  are  performed  by  the 
different  individuals  of  the  same  species,  neaxlyi  if  not  exaeUy, 
in  the  same  manner ;  presenting  no  such  variation  of  the  means 
applied  to  the  objects  in  view,  and  admitting  of  no  such  improve- 
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inents  in  the  progress  of  life,  or  in  the  succession  of  ages,  as  we 
obsenre  in  the  habits  of  individual  Men,  or  in  the  manners  and 
customs  of  nations,  which  are  for  the  most  part  adapted  to  the 
attainment  of  particular  ends,  by  voluntary  efforts  guided  and 
directed  by  reason.— Where,  as  in  the  examples  hereafter  to  be 
mentioned  (^.  717))  we  find  individual  animals  ^Meaming 
wisdom  by  experience,"  and  acquiring  the  power  of  performing 
actions  which  do  not  correspond  with  their  natural  instincts,  we 
cannot  do  otherwise  than  regard  them  as  possessed  of  a  certain 
degree  of  intelligence,  by  which  they  are  rendered  susceptible  of 
edncatfon. 

695,  The  amount  of  intelligence  displayed  in  these  acquire* 
ments,  can  only  be  judged  of,  however,  by  carefully  examining 
the  circumstances  under  which  they  are  made.  If  the  new  habits 
ore  gained  by  imitation  simply, — as  is  the  talking  of  a  Parrot, — 
no  great  degree  of  intelligence  is  manifested ;  but  if  it  sponta- 
neonsly  result  from  a  reasoning  process  on  the  part  of  the  animal, 
onr  idea  of  its  sagacity  is  raised.  There  may  be  a  combination 
of  both  these  conditions ;  as  in  the  following  curious  circum* 
stance,  related  to  the  Author  by  a  firiend  who  has  repeatedly 
witnessed  it.  Some  horses  kept  in  a  paddock,  were  supplied 
with  water  by  atrough,  which  was  occasionally  filled  from  a  pump, 
—  not,  however,  as  often  as  the  horses  seem  to  have  wished ; 
for  one  of  them  learned,  of  his  own  accord,  to  supply  himself 
and  his  companions,  by  taking  the  pump-handle  between  his 
teeth,  and  working  it  with  his  head.  The  others,  however, 
appear  to  have  been  less  clever  or  more  lazy ;  and  finding  that 
this  one  had  the  power  of  supplying  their  wants,  they  would 
tease  him,  by  biting,  kicking,  &c.,  until  he  had  pumped  for 
them,  and  would  not  allow  him  to  drink  until  they  were  satis- 
fied. That  this  was  not  a  mere  act  of  imiUUiany  appears  from 
the  drcumstance,  that  the  horse  did  not  attempt  to  imitate  the 
movement  of  the  man,  but  performed  the  same  action  in  a  dif- 
ferent manner,-— evidently  because  it  had  associated  in  its  mind, 
the  motion  of  the  pump-handle  with  the  supply  of  water. 

696.  The  Instincts  of  Animals  may  be  shown  to  have  imme- 
diate reference,  probably  in  every  instance,  to  the  supply  of  the 
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wants  of  tlie  iadividual,  or  to  the  continoaace  of  tbe  race.  Tliut 
we  have  Instincts  which  guide  in  tbe  selection  and  acqnirenHnt 
of  food ;  others  which  govern  the  constmotioQ  of  habitations  for 
the  indiTidnal,  and  of  recepiacles  for  the  eggs, — and  these  ma; 
influence  a  numlwr  at  once,  in  such  a  pianner  as  to  unite  them 
into  a  society ;  others  whiah  direct  their  emignttions,  whetho' 
in  search  of  food,  for  the  deposit  of  their  eggs,  or  for  other  pur- 
poses.    Of  these,  some  examples  will  now  be  giTen. 

697.  Among  tbe  instincts  which  direct  animals  in  tbe 
acquirement  of  their  food,  few  are  more  remarkable  than  those 
possessed  by  the  laira  of  the  Ant-lion,  a  small  insect  aHied  to 
the  Dragon-fly.  This  animal  is  destined  to  feed  upon  ants  and 
otber  small  insects, 
whose  jnices  it 
\  sucks;  but  it  moTes 
slowly  and  with 
difficulty;  so  that 
it  could  searody 
have  obtained  tbe 
requisite  supply  of 
food,  if  Nature  had 
not  guided  it  in  tbe 
construction  of  a  remarkable  snare,  which  entraps  the  [wty  it 
could  not  acquire  by  pursuit.  It  digs  in  fine  sand  a  little 
funnel-shaped  pit  (Fig.  253),  and  conceals  itself  at  the  bottom  of 
this,  until  an  insect  f^ls  over  its  edge ;  and  if  its  victim  seekt  to 


^ 
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I  its  fell  to  the  bottom,  it  throws  over  it,  by 


PITFALL  OV  TBB  ANT-LION. — WEB  OF   THE  SPIDER.         521 

meuu  of  ita  head  and  mandibles,  a  quantity  of  Band,  by  which 
ibe  insect  in  caused  to  roll  down  the  Bt«ep,  within  reach  of  its 
captor.  The  manner  in  which  the  Ant-lion  digs  this  pit  is 
extremely  curious.  After  having  examined  the  spot  where  it 
pnipooes  to  establish  itself,  it  traces  a  circle  of  the  dimensions  of 
the  month  of  its  pit ;  then,  placing  itself  within  this  line,  and 
making  use  of  one  of  its  legs  as  a  spade,  it  digs  out  a  quantity 
of  sand,  which  it  heaps  upon  its  head,  and  then,  by  a  sudden 
jerk,  throws  this  some  inches  beyond  its  circle.  In  this  manner 
it  digs  a  trench,  which  serves  as  the  border  of  its  intended 
excavation,  moving  backwards  along  the  circle,  until  it  comes 
to  th«  same  point  again  ;  it  then  changes  sides,  and  moves  in  the 
contrary  direction,  and  so  continues  uotil  ita  work  is  completed. 
If,  in  the  course  of  its  labours,  it  meets  with  a  little  stone,  the 
presence  of  which  wonld  injure  the  perfection  of  its  snare,  it 
neglects  it  at  first,  but  returns  to  it  after  finishing  the  rest  of  its 
work,  and  uses  all  its  efforts  to  get  it  upon  ita  back,  and 
carry  it  out  of  its  excavation  ;  but  if  it  cannot  succeed  in  this, 
it  abandons  its  work  and  commences  anew  elsewhere.  When 
the  pit  is  completed,  it  is  usually  about  30  inches  in  diameter, 
by  20  in  depth  ;  and  when  the  inclination  of  its  walls  has  been 
altered  by  any  slip,  as  almost  always  happens  when  an  insect 
has  fallen  in,  the  Ant-lion  hastens  to  repair  the  damage. 

698.     Snares  of  a  still  more  singular  character  are  constructed 
by  many  Spiders,  which  spin  webs  of  the  finest  silk,  for  the 
purpose  of  entrapping  tlieir  prey.     The  arrangement  of  these 
toils  varies  according 
to   the    species,   and 
sometimes    does  not 
present     any    regu- 
larity ;  but  in  several  - 
instances  it  is  of  ex- 
treme elegance ;  and  I 
no  one  can  watch  the 
labours  of  a  common 
garden  spider  (as,  for 
instance,  the  Epeira                   Fie.  iM.-Eniiu  duduii. 
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diadema.  Fig.  3ii4),  without  being  struck  with  the  niM-veQaaa 
Bagacity  which  it  diapUya  in  the  Mecution  of  its  wwk,  ud  the 
perfection  with  which  ita  web  ia  constructed. 

699.  An  equally  cnrious  instinct  is  often  displayed  in  the 
construction  of  the  hahitations  which  the  animal  designs  for  its 
abode.  Thus  the  Hamster,  a  small  rodent  animal  allied  to  the 
Rat,  which  is  raet  with  in  most  cultirated  districts  on  tlte  Con- 
tinent from  Alsace  to  Siberia,  and  which  is  Tcry  injurious  to 
agriculture,  conatruoto  a  burrow  ia  the  soil,  which  has  always 
two  openings, — one  in  an  oblique  direction,  which  serves  the 
animal  for  casting  out  the  earth  it  has  dug  away, — the  other 

perpendicular,  which  is 
the  passage  by  whidi  it 
enters  and  makes  ita 
exit.  These  gallaries 
lead  to  a  regular  aeries 
of  circular  excsTatians, 
which  communicate 
„    „ ,    „  with    each    other    by 

Fio.  IM.-IUiaTiiL  ,       .  , 

horaontal  passages ; 
one  of  thoae  cavities,  fumiahed  with  a  bed  of  dried  herbage,  is 
the  abode  of  the  Hamater  ;  and  the  others  serre  as  magasnea 
for  the  provisions,  which  it  collscts  in  large  quantities. 

700.  There  are  certain  Spidera  known  to  ZootogiBts  onder 
the  name  of  Mygale*,  which  per- 
form operations  analogons  to  thoae 

of  the  Hamster,  but  still  more  com- 
plicated ;  for  not  only  do  they  ex- 
cavate in  the  ground  a  large  and 
commodious  habitation)  but  they 
line  it  with  a  silken  tapestry,  and 
furnish  it  with  a  door  regularly 
hung  upon  a  binge.  For  this  pur- 
pose, the  Mygale  digs,  in  a  clayey 
soil,  a  sort  of  cylindrical  pit,  about 
3  or  4  inches  m  length ;  and 
plasters  its  walls  with  a  sort  of  very  consistent  mortar.     It  then 
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eonstmcte,  of  alternate  layera  of  earth,  and  uf  thrende  woven 
into  a  web,  a  tnp-door  exactly  adapted  to  the  orifice  of  its  hole, 
and  only  capable  of  opening  ontwards  ;  and  it  attaches  tliis  by 
a  hinge  of  the  aame  thread,  to  the  tapestried  lining  of  ita 
dianber.  The  outside  of  this  trap-door  is  covered  with  mate- 
liak  resembling  the  soil  aronnd  ;  and  so  little  docs  it  differ  from 
thia,  that  it  is  with  difBculty  dintinguished,  even  by  a  person 
Meking  to  discover  the  Spider's  habitation.  If  an  attempt  is 
made  to  lift  it,  when  the  animal  is  within  its  excavation,  the 
effort  i>  reaieted  by  the  whole  force  of  the  Spider,  which  holds 
down  the  door,  by  fixing  its  claws  into  small  holes  on  its  under 
snr&oe,  at  the  point  most  distant  Irom  the  binge,  where  its  force 
may  be  most  advantageously  applied. 

701.     Among  Insects,  we  find  a  great  number  of  very  curious 
processes,  inatinctivoly  performed  in  the  construction  of  their 
habitations.     Many  Caterpillars  form  themselves  a  protection, 
by  rolling  together  portions  of  leaves,   and  attaching  them  by 
threads.    In  almost  every  garden,  we  may  observe  (at  the  proper 
season)  nests  of  this  kind,  on  the  leaves  of  the  Lilac  or  Goose- 
berry ;  and  a  similar  one,  represented  in  Fig.  2.57,  w  constructed 
in  the  leaves  of  the  Oak,  by  the 
caterpillar  of  a  small  nocturnal 
Butterfly;  the  Tortrue  mridh- 
lima.     Tlie  larva  of  the    little  ( 
Clothes- Moth,    again,    forms    a 
awt  of  tubnlar  sheath,  composed 
of  the  filaments  it  detaches  firom 
the  stnff,  through  which  it  ex- 
cavates its  galleries ;  tbiasheath         Fia.tsr—N'iTDt  ToRnti. 
it  is  continually  prolonging  at 

one  extremity ;  and  when,  in  consequence  of  the  growth  of  tho 
larva,  ita  tnbe  becomes  too  small  for  its  comfortable  residence, 
it  slita  it  down,  and  lets  in  a  piece.  The  aquatic  larvis  of  the 
Caddice-flies  (Fig.  258,  t),  which  are  commonly  known  as 
Caddiee-vxirmt,  house  themselves  in  straws,  pieces  of  hollow 
stick,  rushes,  &c  ;  and  those  of  some  species  glue  together  a 
number  of  minute  stones,  pieoes  of  stick,  small  shells,  &c.,  so 
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as  to  make  a  tube  (a),  in  which  the  animal  creeps  along  the 

bottom  and  ndes  of  the  brook 
it  inhabits,  and  sometimea 
rows  itself  en  the  sorface 
of  the  water.  When  foil- 
grown,  the  larvsB  attach  their 
cases  to  some  large  stone 
by  threads;  and  then  doee 
the  month  of  the  case  with 
an  open  net- work  of  threads 
(b),  sufficiently  close  to  pre- 
Fio.  258.-C,  phryoansa  or  CADmcm^Lv.      vent  the  entrance  of  insecta, 

A,  ita  tube  :  B,  network  at  the  entrance  of    hut  with  meshos  permitting 

the  water  to  pass  through. 
In  this  state  they  undergo  their  metamorphosis  into  the  Pupa 
state ;  and  a  short  time  before  their  last  metamorphosis,  they  cut 
the  threads  of  the  network  by  means  of  two  hooka,  with  which 
their  heads  are  furnished,  and  creep  out  of  the  water ;  soon  after 
which  they  change  into  the  perfect  insect. 

702.  It  is  scarcely  possible  to  point  to  any  actions  better 
fitted  to  give  an  idea  of  the  nature  of  instinct,  than  those  which 
are  performed  by  Tarious  Insects,  when  they  deposit  their  eggs. 
These  animals  will  never  behold  their  progeny ;  and  cannot  ac- 
quire any  notion  from  experience,  therefore,  of  that  which  their 
eggs  will  produce ;  nevertheless  they  have  the  remarkable  habit 
of  placing,  in  the  neighbourhood  of  each  of  these  bodies,  a  supply 
of  aliment  fitted  for  the  nourishment  of  the  larVa  that  is  to  pro- 
ceed firom  it ;  and  this  they  do,  even  when  they  are  themselves 
living  on  food  of  an  entirely  different  nature,  such  as  would  not 
be  adapted  for  the  larva.  They  cannot  be  guided  in  such  actions 
by  anything  like  reoion  ;  for  the  data  on  which  alone  they  oonld 
reason  correctly,  are  wanting  to  them ;  so  that  they  would  be  led 
to  conclusions  altogether  erroneous  if  they  were  not  prompted, 
by  an  unerring  imtinety  to  adopt  the  means  best  adapted  for  the 
attainment  of  the  required  end. 

703.  Of  this  kind  of  instinct,  the  Neeropkorui^  a  kind  of 
Beetle  not  uncommon   in  our  fields,  ofiers  a  good  example. 
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When  the  female  is  about  to  lay  tier  e^s,  she  seeks  for  the 

dead  body  of  a  Mole,  Shrew,  or  such  other 

snull  quadruped ;  and  haTiDg  found  one,  she 

excaTatea  beneath  it  a  hole  of  sufficient 

dimensions  to  contMn  the  body,  vliich  she 

gradually  drags  into  it ;  she  then  deposits 

her  eggs  in  the  carcase,  so  that  the  larvie, 

when  they  oome  forth,  find  tbemselveB  in 

the  midst  of  a  supply  of  carrion,  on  which 

they  feed,  like  their  parents.     This  instinct 

ia  etill  more  remarkable,  when  an  Insect, 

whose  diet  is  exclusively  vegetable,  preparen  for  its  larva  a  supply 

of  animal  food.     Such  is  the  case  with  the  Pompilut,  an  Insect 

allied  to  the  Wasp.     In  its  perfect  state,  it  lives  entirely   on 

the  juices  of   flowers ;  but  the  larva    are   carnivorous ;    and 

the  mother  provides  for  them  the  requiute  supply  of  the  food 

they  require,  by  placing  in  the  nest,  hy  the  side  of  the  eggs,  the 

body  of  a  Spider  or  Caterpillar,  which  she  had  previously  killed 


by  means  of  her  sting.  The  Xt/loeopa  or  Carpenter-Bee,  baa 
TOiy  analogong  habits ;  the  female  makes  long  burrows  in  wood, 
palings,  &c.,  in  which  she  excavates  a  series  of  cells  ;  and  in 
every  one  of  these  she  deposits  an  egg,  with  a  supply  of  pollen- 
paste. 

704.     The  instinct  of  support  and  protection  to  the  young 
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Mid  helplcM  offspring,  is  seen  in  sU  animals  in  whicli  H  i* 
needed ;  uid  it  is  puiicnluly  obserrkble  in  Birds.  The  nests 
wbich  thejr  construct  ore  destined  much  more  for  tbe  reception  of 
their  eggs,  mnd  for  the  protection  of  the  young,  thsn  f(v  their 
own  residence  ;  for  there  sre  few  Birds  which  pass  much  time 
in  their  neeta,  except  at  night,  and  during  the  period  of  incuba- 
tion. It  is  impoanble  to  watch  the  process  of  their  constmctiMi, 
without  admiring  the  persevennce  with  which  these  intenatii^ 
^^im»lr^  bring  together  the  materials  that  are  destined  It>t  tkeir 
erection,  and  tbe  art  with  which  they  are  anranged.  The  fbnn 
snd  structure  of  these  habitations  are  always  nearly  the  sane, 
among  the  indiridnab  of  the  same  species  ;  but  there  is  neoe^ 
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sanly  a  certwn  latitude  in  regnd  to  the  materioJs  of  wbich  they 
are  composed,  since  the  same  oonld  not  be  eToywhere  procured. 
The  nests  of  different  tptmet  vary  greatly,  boweT«r,  both  as  to 
form,  stmcture,  and  materials ;  and  these  are  admirably  adapted 
to  the  particolor  cinnimstances,  in  which  the  yonng  Etmiliea  sn 
respeetirely  destined  to  live.  Sometimes  these  habitations  art 
ooDstmrted  of  earth,  the  particles  of  which  are  united  Iff  tbe 


viscid  salivK  of  the  Bird,  into  %  ten&cioua  mortAr; 
are  then  commonly  built 
^lainst  tbe  sides  of  a 
rock  or  wall.  But,  ia 
general,  they  are  com- 
posed of  sticks,  strmws, 
and  other  vegetable  sub- 
itancee,  and  are  placed 
either  on  the  ground,  or 
among  the  branches  of 
trees.  The  greater  num- 
ber of  them  have  a  some- 
what hemispherical  form, 
resemblmg  a  little  round 
basket;  and  their  interior 
is  lined  with  moss  and 
down  (Fig.  262). 


70.').  But  sometimes  the  arrangement  i» 
much  more  complicated,  in  order  that  some 
particular  danger  niay  be  avoided,  oi  some 
special  purpose  answered.  Thus  the  nest  of 
the  Baya,  a  little  Indian  bird  allied  to  our 
Bulfinch,  liaa  the  form  of  a  bottle  ;  and  it  is 
suspended  from  a  twig  of  such  slendemcss  and 
flexibility,  that  neither  Monktys,  Serpents,  or 
Squirrels  can  reach  it  (Fig.  263).  Thatitmay 
be  still  more  secure  against  the  attacks  of  its 
numerous  enemies,  the  Bird  forms  the  en- 
trance of  the  nest  on  its  under  side,  so  that  it 
can  itself  only  reach  it  by  the  aid  of  its  wingn. 
This  curious  habitation  is  constructed  of  long 
grass ;  and  several  chambers  are  found  in  its 
interior,  of  which  one  serves  for  the  female  to 
sit  on  her  eggs,  whilst  another  is  occupied  by 
the  male,  who  solaces  bis  companion  with 
his  song,  whilst  she  is  occupied  in  maternal 
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carea.  Another  cnrioos  neat  is  that  of  the  Sylvia  tuioria,  or 
TM]or-b!rd,  a  little  Eastern  bird  allied  to  onr  linnet ;  which,  by 
the  ud  of  filamenta  of  cotton  drawn  from  the  Cotton-plant,  sews 
leaves  together  with  its  beak  and  feet,  in  such  a  maaner  as  to 
conceal  the  nest  which  they  enclose  firom  the  observation  of  its 
enemies  (Fig.  264). 

706.  The  association  of  a  number  of  individnals  of  oertun 
speoies,  for  the  perforrnsnoe  of  laboan  in  which  they  all  unite  to 
one  common  end,  is  another  most  remarkable  example  of  the 
operation  of  instinct.  Several  Mammalia  exhibit  this  tendency 
in  a  greater  or  less  degree;  but  the  most  interesting  of  all. 


in  this  ptnnt  of  view,  is  the  Beavo',  which  is  now  cliiefly  foond 
in  Canada,  though  it  formerly  abounded  on  the  Continent  of 
Europe.  Daring  the  summer,  it  lives  solitarily  in  boirows, 
which  it  excavates  for  itself  on  the  borden  of  lakes  and  streams; 
bat  as  the  cold  season  approaches,  it  quits  its  retreat,  and  nnites 
itself  with  its  fellows,  to  constmot,  in  common  with  them,  a 
winter  residence.  It  is  only  in  the  most  solitary  places,  that 
thdr  architectural  instinct  fally  develops  itaelf.  Having  asso- 
ciated in  troops  of  from  two  to  three  hundred  each,  they  chocae 
a  lake  or  river,  which  is  deep  enough  to  prevent  its  being  froaea 
to  the  bottom  ;  and  they  generally  prefer  running  streams,  for 
the  sake  of  the  eonvenicnce  which  these  afford,  in  the  transporta- 
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tion  of  the  materials  of  their  erectioD.  In  order  that  the  water 
may  be  kept  up  to  a  uniform  height,  they  begin  by  constructing 
a  sloping  dam  ;  which  they  form  of  branches  interlaced  one  with 
another,  the  intervals  between  them  being  filled  up  with  stones 
and  mud,  with  which  materials  they  give  a  coat  of  rough-cast 
to  the  exterior  also.  When  the  dam  passes  across  a  running 
stream,  they  make  it  convex  towards  the  current ;  by  which  it 
18  caused  to  possess  much  greater  strength,  than  if  it  were 
straight.  This  dam  is  usually  eleven  or  twelve  feet  across  at  its 
base,  and  it  is  enlarged  every  year;  and  it  frequently  becomes 
covered  with  vegetation,  so  as  to  form  a  kind  of  hedge. 

707.  When  the  dam  is  completed,  the  community  separates 
into  a  certain  number  of  families ;  and  the  Beavers  then  employ 
themselves  in  constructing  huts,  or  in  repairing  those  of  a  pre* 
ceding  year.  These  cabins  are  built  on  the  margin  of  the  water; 
they  have  usually  an  oval  form,  and  an  internal  diameter  of  six 
or  seven  feet.  Their  walls  are  constructed,  like  the  dam,  of 
branches  of  trees ;  and  they  are  covered,  on  two  of  their  sides, 
with  a  coating  of  mud.  Each  has  two  chambers,  one  above  the 
other,  separated  by  a  floor ;  the  upper  one  serves  as  the  habita- 
tion of  the  Beavers ;  and  the  lower  one  as  the  maga^ne  for  the 
store  of  bark,  which  they  lay  up  for  their  provision.  These 
chambers  have  no  other  opening,  than  one  by  which  they  pass 
out  into  the  water.  It  has  been  said  that  the  flat  oval  tail  of 
the  Beavers  serves  them  as  a  trowel,  and  is  used  by  them  in 
laying  on  the  mud  of  which  their  erections  are  partly  composed; 
but  it  does  not  appear  that  they  use  any  other  implements,  than 
their  incisor  teeth  and  fore-feet.  With  their  strong  incisors  they 
cut  down  the  branches,  and  even  the  trunks,  of  trees  which  may 
be  suitable  ;  and  by  the  aid  of  their  mouths  and  fore-feet,  they 
drag  these  from  one  place  to  another.  When  they  establish 
themselves  on  the  banks  of  a  running  stream,  they  cut  down 
trees  ahove  the  point  where  they  intend  to  construct  their  dwell- 
ings, set  them  afloat,  and,  profiting  by  the  current,  direct  them 
to  the  required  spot.  It  is  also  with  their  feet  that  they  dig  up 
the  earth  they  require  for  mortar,  firom  the  banks  or  from  tho 
bottom  of  the  water.    These  operations  are  executed  with  extra- 
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ordinary  rapidity,  although  they  are  only  carried  oo  daring  the 
night.  When  the  neighbourhood  of  Man  preventa  the  BeaTen 
from  multiplying  to  the  degree  necessary  to  form  such  associa- 
tions, and  from  possessing  the  tranquillity  which  they  require 
for  the  construction  of  the  works  now  described,  they  no  longer 
build  huts,  but  live  in  excavations  in  the  banks  of  the  water. 

708.  The  building  instinct  shows  itself,  even  when  the 
Beaver  is  in  captivity,  and  in  circumstances  in  which  it  could  be 
of  no  use.  A  half-domesticated  individual,  in  the  possession  of 
Mr.  Brodertp,  began  to  build,  as  soon  as  it  was  let  out  of  its  cage, 
and  matmals  were  placed  in  its  way.  Even  when  it  was  only 
half-grown,  it  would  drag  along  a  large  sweeping-bmrii  or 
warming-pan,  grasping  the  handle  with  its  teeth,  so  that  the 
load  came  over  its  shoulder ;  and  would  endeavour  to  lay  this 
with  other  materials,  in  the  mode  employed  by  the  Beaver  when 
in  a  state  of  nature.  '^  The  long  and  lai^  materials  were  always 
taken  first ;  and  two  of  the  longest  were  generally  laid  cross- 
wise, with  one  of  the  ends  of  each  touching  the  wall,  and  the 
other  ends  projecting  out  into  the  room.  The  area  formed  by 
the  cross-brushes  and  the  wall,  he  would  fill  up  with  hand- 
brushes,  rush-baskets,  books,  boots,  sticks,  cloths,  dried  turf,  or 
anything  portable.  As  the  work  grew  high,  he  supported  him- 
self upon  his  tail,  which  propped  him  up  admirably ;  and  he 
would  often,  after  laying  on  one  of  his  building  materials,  sit  up 
over  against  it,  appearing  to  consider  his  work,  or,  as  the  coun- 
try people  say,  ^  judge  it,'  This  pause  was  sometimes  followed 
by  changing  the  position  of  the  material  judged ;  and  sometimes 
it  was  left  in  its  place.  After  he  had  piled  up  his  materials  in 
one  part  of  the  room  (for  he  generally  chose  the  same  place),  he 
proceeded  to  wall  up  the  space  between  the  feet  of  a  chest  of 
drawers  which  stood  at  a  little  distance  from  it,  high  enough  on 
its  legs  to  make  the  bottom  a  roof  for  him  ;  using  for  this  pur- 
pose dried  turf  and  sticks,  which  he  laid  very  even,  and  filling 
up  the  interstices  with  bits  of  coal,  hay,  cloth,  or  anything  he 
could  pick  up.  This  last  place  he  seemed  to  appropriate  for  his 
dwelling ;  the  former  work  seemed  to  be  intended  for  a  dam. 
When  he  had  walled  up  the  space  between  the  feet  of  the  chest 
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of  drftwere,  he  proceeded  to  cany  in  sticks,  clotlis,  ba;,  cotton. 
Sec,  and  to  make  a  nest ;  and  when  he  had  done,  he  would  sit 
op  nuder  the  drawers,  and  comb  himself  with  the  nails  of  hia 
hind  feet." 

709.  We  see,  in  this  account,  a  very  interesting  example  of 
the  irrational  character  of  Instinct.  If  the  animal  were  guided 
in  its  ordinary  building  operations,  by  auch  an  amount  of  tnUl- 
liffMee,  as  would  lead  it  to  choose  and  execute  its  varioua  move- 
ments, with  a  detiffn  to  accomplish  certain  ends,  the  same  intel- 
ligroce  would  direct  it  to  leave  these  actions  unperformed,  when 
the  purpose  no  longer  required  it ;  instead  of  which,  we  see  that 
the  animal  is  impelled  by  an  internal  impulse,  to  construct 
erections,  as  nearly  resembling  those  which  it  would  build  up  on 
the  banks  of  its  native  streams,  as  the  materials  and  circum- 
stances will  permit.  Other  animals  are,  in  like  manner,  occa- 
sionally conducted  by  their  natural  instincts,  to  the  performance 


of  actions  equally  irrational,  and  quite  incapable  of  answering 
the  purpose  whicli  tiho  particular  instinct  is  destined  to  serve. 
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Tlius  the  Hen  will  eit  npon  an  ^g-shaped  pieoe  of  chalk,  as 
readily  as  apon  her  own  egg ;  being  deceived  without  difficulty 
by  the  general  eimilarity  of  its  appearance :  and  the  Flesh-fly 
lays  its  eggs  in  the  petals  of  the  Curion-flower,  whoee  odonr  so 
much  resembles  that  of  tainted  meat,  as  evidently  to  deceive  tlie 
Insect  into  the  belief,  that  it  affords  the  proper  receptacle  for 
the  eggs. 

7 10.  Societies  like  those  of  the  Beaver  are  rare  among  Birds, 
whose  auociations  are  nanally  less  perfect.  There  is  a  small 
species,  however,  termed  the  Republican  Grosbeak  (Lomt  toda), 
which  lives  in  numerous  societies  in  the  neighboorhood  of  the 
Cnpe  of  Qood  Hope,  and  constructs  its  nest  under  a  sort  of  roof 
which  is  common  to  the  whole  colony  (Fig.  266). 


It  is  among  Insects,  that  we  find  the  most  remirkable 
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examples  of  this  kind  of  social  inetinct ;  and  the  structures  which 
are  produced  by  the  uoitsd  labours  of  a  large  number,  working 
together  in  harmony,  ar«  extremely  inteieating.  The  nests  of 
Wa^M  are  constmcted  in  this  manner.  In  order  to  form  the 
materials  for  building  them,  these  Insects  dt^ach  with  their 
mandibles  the  fibres  of  old  wood,  which  they  convert  by  masti- 
cation into  a  soit  of  polp,  that  hardens  into  the  consistence  of 
pasteboard ;  of  this  substance  they  construct  several  ranges  of 
hexagonal  eelU;  and  thecoma  thus  formed  are  arranged  parallel 
to  each  other  at  a  regular  distance,  and  are  united  at  intervals  by 
Uttle  columns  which  serve  to  suspend  them  (Fig.  267).  The  whole 
is  either  hnng  in  the  air,  lodged  in  the  hollow  of  a  tree,  or  buried 
in  the  ground ;  and  it  is  sometimes  enclosed  in  a  general  enve- 
lope, sometimes  left  nocovered,  according  to  the  species. 

712.     The  same  community  of  labour  is  observed  in  the  ordi- 
nary Hive- Bees,  which  present  to  the  intelligent  observer  a  source 
of  interesting  occupation  that  scarcely  ever  fails.     The  number 
and  variety  of  instincts,  each  of  them  most  perfectly  adapted  to 
the  end  in  view,  whicli  these  Insects  exhibit,  is  most  wonderful ; 
and  many  volumes  have  been  written  upon  them,  without  by  any 
means  exhausting  the  subject.     Nothing   more  than   a   very 
general  sketch  of  these  can  be  attempted  in  the  present  Treatise, 
for  the  reason   already  mentioned ;   hut  the  illustrations  they 
afford  of  the  general  remarks  heretofore  made  upon  the  nature  of 
Instinct,  are  too  valuable  to  be  passed 
by.     Each  Hive  contains  but  a  single 
Queen  ;  and  she  is  the  only  individual 
capable  of  laying  eggs.     There  are 
usually    from    6    to    800  males   or 
Drones  ;  and  from  10,000  to  30,000 

Neuters  or  Working- bees.  In  their  Pm.  «M.-wo«ii.o.Biit 
natural  condition,  they  live  in  the  hollows  of  trees ;  but  they 
appear  equally  ready  to  avail  themselves  of  the  habitations  pre- 
pared for  them  by  Man.  The  cells,  of  which  their  combs  are 
composed,  are  built  up  of  the  material  that  we  term  vxix.  Of 
this,  a  part  may  be  obtained  direct  from  Plants,  since  it  is  secreted 
in  greater  or  less  abundance  by  several  spedes ;  but  there  seems 
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to  be  no  doubt,  that  Bees  can  elaborate  it  for  themselves  from  the 
saccharine  materials  of  their  aliment  (§.  155).  The  wax  is  sepa- 
rated in  little  scales,  from  between  the  segments  of  the  abdomen; 
these  scales  are  kneaded  together  by  the  mandibles  of  the  Insect, 
and  are  then  applied  to  the  construction  of  the  celb.  It  is  easy 
to  understand,  that  the  hexagonal  form  is  that  which  enables  the 
cells  to  be  best  adapted  to  the  purposes  for  which  they  are  built, 
whilst  the  least  amount  of  material  is  expended.     As  they  are 

intended,  not  only  to  contain  a  store 
of  honey,  but  also  to  serve  as  the  resi- 
dence for  the  Larve  and  Pupoa,  it  is 
evident  that  their  form  must  approach 
near  to  that  of  the  cylinder,  in  order 
that  there  may  be  the  greatest  eco- 
nomy of  space ;  but  it  is  also  evident 
that,  if  their  walls  were  circular,  a  large  quantity  of  material 
would  be  required,  to  fill  up  the  in- 
terspaces left  between  them  ;  whilst, 
by  giving  the  cells  the  hexagonal 
form,  their  walls  everywhere  have  the 
same  thickness,  and  their  cavity  is 
sufficiently  well  adapted  to  the  forms 
of  the  larva  and  grub. 

713.  Every  corah  contains  two  sets  of  cells,  one  opening  on 
each  of  its  faces.  The  cells  of  one  side  are  not  exactly  opposite, 
however,  to  those  of  the  other  ;  for  the  middle  of  each  cell  abuts 
against  the  point,  where  the  walls  of  three  cells  meet  on  the  oppo- 
site side ;  and  thus  the  partition  that  separates  the  cells  of  the 
opposite  sides,  is  greatly  strengthened.  This  partition  is  not  flat, 
however,  but  consists  of  throe  planes,  which  meet  each  other  at  a 

particular  angle,  so  as  to  make  the  centre 
of  the  cell  its  deepest  part.  Of  the  three 
planes  which  form  the  bottom   of  each 

Fio.  87i.~H.iAo^L"c«xs.  cell,  one  forms  part  of  the  bottom  of  each 
BHowijfOTHR  MAWNSRor  uKioN  of  thc  thrco  cclls,  aiTaiust  which  it  abuts 

AT  THB  Bask* 

on  the  opposite  side,  as  shown  in  the 
accompanying  figure.     Now  it  can  be  proved,  by  the  aid  of 
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matfaetnaticBl  calculation  of  &  very  high  order,  tliat,  in  order  to 
combiae  the  greatest  strength  with  the  least  expenditare  of  mate- 
rial, the  angles  formed  by  the  edges  of  tliese  planes  should  have  n 
certun  regular  amount ;  which  was  ascertained  by  the  measure- 
ment of  Maraldi  to  be,  for  one,  109°  28',  and  for  the  other  70' 
32",  By  the  very  intricate  mathematical  calculations  of  Koenig, 
it  was  determined  that  the  angles  should  be  109°  36',  and  70° 
34', — a  coincidence  between  the  theory  of  the  Mathematician  and 
the  practice  of  the  Bee  (untaught,  save  by  its  Creator),  which  has 
been  ever  regarded  as  truly  marvellous,  and  as  affording  one  of 
the  moat  remarkable  examples  of  the  operation  of  instinct.  The 
very  small  discrepancy,  amounting  to  only  2  minutes  of  a  degree 
(or  l-]0,600th  part  of  the  whole  circle),  lias  been  usually  sup- 
posed to  result  from  a  slight  error,  in  the  observation  of  the  angle 
employed  by  the  Bees  ;  but  Lord  Brougham,  not  satisfied  with 
this  explanation,  has  recently  applied  himself  to  a  fresh  ma- 
thematical investigation  of  the  question  ;  and  be  has  shown 
that,  owing  to  the  neglect  of  certain  small  quantities,  the  result 
formerly  obtained   was   erroneous,  to  the  exact  amount  of  3 


minutes  ;  so  that  the  Bees  proved  to  he  right,  and  the  Matho 
matlcian  wrong.* 

*  Sea  hi*  Supplemcnl  \B  N(w  Eailion  of  Piilcx'>  Natural  Theolifj. 
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7 1 4.  The  ordinary  cells  of  the  comb  are  of  two  siies ;  one  for 
the  larvaa  of  the  working-bees,  and  the  other  for  those  of  the 
drones.  Both  of  these  may  be  used  for  la3ring  up  a  store  of  food, 
either  for  themselves  or  the  progeny ;  bat  it  is  observed  that, 
in  the  breeding  season,  the  central  portion  of  each  comb,  only,  is 
tenanted  by  the  young  Bees ;  this  being  the  part  of  the  hive  where 
they  will  most  constantly  obtain  the  warmth  requisite  for  their 
development  (§.  411).  The  deposition  of  the  eggs  in  these 
ceUs  only,  therefore,  is  another  remarkable  instinct  on  the  part 
of  the  Queen  ;  and  this  is  further  manifested  in  the  fret, 
that  she  never  deposits  eggs  in  the  comb,  with  which  the  glaaaes 

are  filled  that  are  sometimes  placed  on 
the  top  of    a  hive,  as   in  Figure  272. 
The  temperature  of  these  glasses  is  ne- 
cessarily lower  than  that  of  the  interior  of 
the  hive. — ^The  royal  cells,  as  they  are 
termed,  in  which  the  larvae  of  the  young 
queens  are  reared,  are  different  infonn 
from  the  rest;  sometimes  they  lie  in  the  midst  of  them,  as  shown 
in  the  accompanying  figure ;  but  most  commonly  they  project 
from  the  sides  or  edges  of  the  comb. 

715.  The  food  which  the  Bees  collect,  is  of  two  kinds,— the 
honey  of  flowers  for  themselves,  and  their  pollen  for  the  larvv. 
The  honey,  which  they  suck  up  by  means  of  their  probosds-like 
tongue,  seems  to  undergo  some 
change  in  their  digestive  cavity; 
and  the  part  not  required  for 
their  own  nourishment,  is  af- 
terwards returned  from   the 
stomach,  and  deposited  in  one 
of   the    cells,    which,    when 
filled,  is  Mealed  with  a  cover- 
ing of    wax.     The  pollen  is 
obtained  by  rubbing  the  body 
against    the  anthers,   or  the 
parts  of  the  flower  over  which  the  pollen  may  have  been  scat- 
tered by  their  bursting;  and  when  the  surface  has  been  snffi- 
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cientlj  dusted  in  this  manner^  the  fine  particles  are  collected  from 

it  by  little  hrtuheiy  with  which  the  feet  of 

the  Bee  are  famished,  and  are  worked  up 

into  small  pellets,  which  the  Insect  carries 

home  in  basket-shaped  hollows,  of  which 

there  is  one  on  each   hind  thigh.    The 

pollen  or  farina  thns  collected  is  worked  up 

with  honey  in  a  mass,  to  which  the  name 

of  bee-bread  has  been  given;   and  with 

this  the  larvsB   are  nourished,   until  the 

time  when  they  are  about  to  pass  into  the     ^^^'  ^^^^  ^"  ^* 

pupa  state.     The  mouth  of  the  cell  is  then 

sealed  by  a  waxen  coyer ;  and  the  larva  spins  a  delicate  silken 

cocoon,  within  which  it  undergoes  its  metamorphosis.     In  the 

chrysalis  state  it  remains  quite  inactive  for  some  days;  and 

during  the  latter  pari  of  this  period,  when  it  is  rapidly  approach* 

ing  the  condition  of  the  perfect  Insect,  its  development  is  aided 

by  the  heat  sujpplied  by  the  nurse-bees,  which  seem  prompted  by 

a  remarkable  instinct  to  generate  it,  in  the  manner  formerly 

described  (§.  411). 

716.  One  of  the  most  curious  features  in  the  whole  economy 
of  Bees,  is  the  manner  in  which  they  manufacture  new  Queens, 
when,  firom  any  cause  (as  by  the  intentional  removal  of  her 
from  the  hive),  their  sovereign  has  been  lost.  In  order  to  un- 
derstand the  process,  it  is  necessary  to  be  aware,  that  the  ordi- 
nary working-bees  may  be  regarded  as  females^  with  the  repro- 
ductive organs  undeveloped ;  and  it  appears  to  depend  on  the 
manner  in  which  they  are  treated  in  the  larva  state,  whether  the 
egg  shall  be  made  ultimately  to  produce  a  queen  or  a  working- 
bee.  For  if,  when  the  queen  has  been  removed,  the  royal  cells 
(which  are  usually  among  the  last  constructed)  be  not  suffi- 
ciently forward,  and  contain  no  eggs,  the  bees  select  one  or  more 
worker^ggs  or  larvsd,  remove  the  egg  or  larva  on  either  side  of 
it,  and  throw  the  three  cells  into  one.  The  larva  thus  pro- 
moted is  liberally  fed  with  royal  jelly ^  a  pungent  food  prepared 
by  the  working  bees  for  the  exclusive  nourishment  of  the  queen* 
larvae ;  and  in  due  time  she  comes  forth  a  perfect  queen.     This 
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change  is  doubtless  owing  to  the  peculiar  effsct  of  the  food ;  and 
it  is  remarkable  that  it  should  operate,  not  only  in  developing 
the  reprodoctiTe  cffgans,  but  also  in  altering  the  shape  of  her 
tongue,  jaws,  and  sting,  in  depriving  her  of  the  power  of  pro- 
ducing wax,  and  in  obliterating  the  hollows  just  referred  to, 
which  would  otherwise  have  been  formed  upon  her  thighs. 

Mani/eataiiani  of  InkUigmea. 
717.  The  amount  of  reasoning  power  possessed  by  s&roe 
among  the  lower  animals,  may  be  considered  as  very  much 
upon  a  par  with  that  exhibited  by  an  intelligent  child,  abont  the 
time  when  it  is  learning  to  speak.  One  of  its  first  exercises  is 
in  the  connection  or  (Uioe%<»tion  of  ideas  ;  such  as  is  shown  in  the 
following  instance,  related  to  the  Author  by  an  eye-witoess. 
A  Wren  built  its  nest  in  the  slate-quarries  at  Penrhyn,  in  snch  a 
situation  as  to  be  liable  to  great  disturbance  from  the  occsttonal 
explosions.  It  soon,  however,  learned  to  quit  its  nest,  and  fly 
to  a  little  distance,  on  the  ringing  of  the  bell  which  warned  the 
workmen.  This  was  noticed,  and  was  frequently  shown  to 
visitors,  by  ringing  the  bell  when  there  was  not  to  be  an  ex- 
plosion; so  that  the  poor  bird  suffered  many  needless  alarms. 
It  at  last  learned,  however,  that  tlie  first  notion  it  had  formed, 
by  the  association  of  the  ringing  of  the  bell  with  the  explosion, 
was  liable  to  exceptions ;  and  it  formed  another  more  correct 
For  it  was  observed  after  a  time,  that  the  wren  did  not  leave  its 
nest,  unless  the  ringing  of  the  bell  was  followed  by  the  moving 
away  of  the  workmen.  A  similar  process  of  associatioii,  canied 
rather  further,  but  still  quite  simple  enough  to  be  readily 
believed,  is  shown  in  two  Dogs,  which  have  been  taught  by  their 
master  to  play  at  Dominoes,  and  which  go  through  the  game 
with  another  person  (under  circumstances  which  render  the  idea 
of  oollusion  with  their  master  impossible)  with  the  utmost  regu- 
larity  and  correctness ;  not  only  playing  rightly  themselveB,  but 
watching  to  see  that  their  adversary  does  so  too.  This,  also,  i« 
a  feat  which  a  very  young  child  might  be  taught  to  perform. 
A  third  instance  has  reference  to  the  patient  endurance  of 
bodily  pain,  in  opposition  to  the  instinctive  tendency  to  struggle 
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against  the  infliction  of  it,  and  OTidently  occasioned  by  a  volun- 
tary effort  on  the  part  of  the  animal,  made  by  it  in  obedience  to 
the  dictates  of  its  reason.  Dr.  Davy  mentions  having  seen  an 
Elephant,  in  India,  that  was  suffering  under  a  deep  abscess  in  its 
back,  which  it  was  necessary  to  lay  open,  in  order  to  effect  a 
cure.  ^*  He  was  kneeling  down,  for  the  convenience  of  the 
operator,  not  tied;  his  keeper  was  at  his  head.  He  did  not 
flinch,  but  rather  inclined  towards  the  surgeon,  uttering  a  low 
snppressed  groan.  He  seemed  conscious  that  what  was  doing 
was  intended  for  his  good ;  no  human  being  could  have  behaved 
better ;  and  so  confident  were  the  natives  that  he  would  behave 
as  he  did,  that  they  never  thought  of  tying  him."  It  were  much 
to  be  wished,  that  all  human  beings  would  imitate  this  docile 
Elephants  self-control.  It  is  sometimes  manifested,  however, 
even  in  Infancy ;  the  painful  operation  of  lancing  the  gums  being 
often  sustained  without  a  cry,  from  the  consciousness  of  the 
benefit  derived  from  it. 

718.  It  has  been  stated  that  the  relative  amount  of  intelli- 
gence in  different  animals,  bears  a  pretty  constant  proportion  to 
the  siase  and  development  of  the  Cerebral  hemispheres  (§.  452). 
That  size  alone  does  not  produce  the  difference,  is  evident  from  a 
number  of  facts.  As  we  advance  from  the  lower  to  the  higher 
Yertebrata,  we  observe  a  marked  advance  in  the  complexity  of 
the  structure  of  the  brain.  Its  surface  becomes  marked  by  con- 
volutions (§.  456),  which  greatly  increase  the  surface  by  which 
the  blood-vessels  enter  it  from  the  enclosing  membranes ;  and  in 
proportion  to  the  increase  in  the  number  and  depth  of  these,  do 
we  find  an  increase  in  the  thickness  of  the  layer  of  ^ray  matter^ 
which  seems  to  be  the  real  centre  of  all  the  operations  of  the 
organ.  The  arrangement  of  the  white  or  fibrous  tissue,  which 
forms  the  interior  of  the  mass,  also  increases  in  complexity ;  and 
as  we  ascend  from  the  lower  Mammalia  up  to  Man,  we  trace  a 
great  difference  in  the  number  of  the  fibres,  which  establish  com- 
munications between  difierent  parts  of  the  surface.  Still  there 
can  be  no  doubt  that  the  size  of  the  cerebrum,  compared  with  that 
of  the  spinal  cord  and  the  ganglia  at  its  top,  usually  affords  a  tole- 
rably correct  measure  of  the  intelligence  of  the  animal ;  and  that, 


540  SIZE  OF   THE    BRAIN. FACIAL    ANGLE. 

even  in  comparing  together  different  Men,  we  shall  find  the  flame 
rule  to  hold  good,  when  due  allowance  has  been  made  for  the 
comparative  activity  of  their  general  functions,  snch  as  is  ex- 
pressed by  the  word  iemperameni.  Thus,  two  men  having  brains 
of  the  same  size  and  general  conformation,  may  differ  greatly  in 
mental  vigour,  because  the  general  system  of  one  performs  its 
functions  much  more  actively  and  energetically  than  that  of  the 
other.  For  the  same  reason,  a  man  of  small  brain,  but  whose 
general  habit  is  active,  may  have  a  more  powerful  mind  than 
another  whose  brain  is  much  larger,  but  whose  system  is  inert, 
his  perceptions  dull,  and  his  movements  languid.  But  of  two 
men  alike  in  this  respect,  and  having  tlie  same  general  configura- 
tion of  head,  it  cannot  be  doubted  Uiat  the  one  with  the  larger 
brain  will  surpass  the  other.  It  is  a  striking  fact,  that  almost 
all  those  persons  who  have  been  eminent  for  the  amount  of  their 
acquirements,  or  for  the  influence  they  have  obtained  by  their 
talents  for  command,  over  their  fellow-men,  have  had  large 
brains ;  this  was  the  case,  for  example,  with  Newton,  Cuvier,  and 
Napoleon. 

719.  The  sise  of  the  brain,  and  especially  of  its  anterior  lobes 
(which  seem  particularly  connected  with  the  higher  reasoning 
powers),  as  compared  with  that  of  the  fiice,  may  be  estimated 
pretty  correctly  by  the  measurement  of  the  facial  wf^le;  as 
proposed  by  Camper,  an  eminent  Dutch  naturalist.  This  is  done 
by  drawing  a  horizontal  line  (c  d^  Figs.  276  and  377)9  between 
0  the  entrance  to  the  ear,  and  the  floor 

of  the  cavity  of  the  nose,  so  as  to 
pass  in  the  direction  of  the  base  of  the 
skull;  this  is  met  by  another  line 
(a  h\  which  passes  firom  the  most 
prominent  part  of  the  forehead  to  the 
front  of  the  upper  jaw.  It  is  evi- 
h  dent  that  this  last  will  be  more  in- 

Fio.  m^^^vLL  or  EuiionAN.     ^Xakedi  to  the  former,  so  as  to  make 

a  more  acute  angle  vrith  it,  in  proportion  as  the  face  is  more 
developed,  and  the  forehead  more  retreating;  whilst  it  wOI 
approach  more  nearly  to  a  right  angle  (as  in  Fig.  276),  if  the 
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Fro.  277.— Skuix  op  Nkoro 


forehead  be  prominent,  and  the  muzzle  project  but  little.    Hence 

ibis  facial  angle  will  indicate,  with  tolerable   correctness,  the 

proportion  which  the  brain  bears  to  the  face^ — the  instrument  of 

intelligence,  to  the  receptacle  of  the  organs  of  sense. 

720.     Of  all  animals,  there  are  none  in  which  the  facial  angle 

is  80  open  as  in  Man ;  and  there  exist,  in  this  respect,  great 

variations,  even  among  the  different  a 

hnman  races.     Thus,  in  European 

heads,  the  angle  is  usually  about 

80^  (Fig.  276).  The  ancient  Greeks, 

in    those    statues  of    Deities    and 

Heroes   to   which  they  wished  to 

give  the  appearance  of  the  greatest 

intellectual  power,  made  it  90°,  or 

even  more,  by  the  projection  they 

gave  to  the  forehead.     On  the  other  hand,  in  the  Negro  races, 

it  is  commonly  about  70°  (Fig.  277) ; 
in  the  different  species  of  the  Monkey 
tribe,  it  varies  from  about  ^h"^  to  30^ 
(Fig.  278) ;  and  as  we  descend  still 
lower,  we  find  it  becoming  still  more 
acute.  In  the  Horse  and  Boar,  for 
example,  it  becomes  impossible  to  draw 

a  straight  line  from  the  forehead  to  the  upper  jaw ;   in  con- 
sequence   of     the     retreating 

character  of  the  former,   and 

the  projection  of  the  nose ;  this 

will  be  evident  from  an  ex- 
amination of  Fig.    279.      In 

Birds,    Reptiles,   and   Fishes, 

the  facial  angle,  when  it  can 

be  measured,  is  found  to  be 

still  further  diminished. 


Fio.  278 — Skull  or  Macacus. 


F10.  279.— SKt>LL  or  Boar. 


721.     It  appears,  then,  that  the   mind  of  Man  differs  from 
that  of  the  lower  animals,  rather  as  to  the  degree  in  which  the 
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reasoning  faculties  are  developed  in  him,  than  bj  anything  peon- 
liar  in  their  kind.  Among  the  more  sagacious  Qnadmpeda,  it  is 
easy  to  discover  instances  of  reasoning  as  close  and  fnxilongedy 
as  that  which  nsually  takes  place  in  early  childhood ;  and  it  is 
only  with  the  advance  of  age,  and  the  matnrity  of  the  powers, 
that  the  saperiority  of  Man  beoomes  evident  There  is  ft  ten- 
dency, however,  by  which  he  seems  to  be  distingnished  from  all 
other  animals ; — this  is,  the  disposition  to  believe  in  the  exist- 
ence of  an  unseen  but  powerful  Being,  which  seems  never  to  be 
wanting  (under  some  form  or  other)  in  any  race  or  nation, 
although  (like  other  natural  tendencies)  it  may  be  defective  in 
individuals.  Attempts  have  been  made  by  some  travelleiB  to 
prove  that  particular  nations  are  destitute  of  it;  bnt  snch 
assertions  have  been  based  upon  a  limited  acquaintance  with 
their  habits  of  thought,  and  with  their  outward  observances: 
for  there  are  probably  none,  that  do  not  possess  the  idea  of  some 
invisible  Power  external  to  themselves,  whose  favour  they  seek, 
and  whose  auger  they  deprecate,  by  sacrifice  and  other  rdigious 
observances.  It  requires  a  higher  mental  cultivation  than  is 
commonly  to  be  met  with  among  savage  races,  to  conceive  of  this 
Power  as  having  a  spiritual  existence  ;  but  it  appears,  from  the 
reports  of  Missionaries  who  h^vo  laboured  to  spread  Christianity 
amongst  the  Heathen,  that  an  aptitude  or  readiness  to  receive 
this  idea  is  rarely  wanting ;  so  that  the  faculty  is  obvionsly 
present,  though  it  has  not  been  called  into  operation. 

722.  Closely  connected  with  this  tendency  to  belief  in  a 
Ghreat  unseen  Power,  is  the  desire  to  share  in  His  ^iritnal 
existence,  which  seems  to  have  been  implanted  by  the  Cieator 
in  the  mind  of  Man,  and  which  is  one  of  the  chief  natural  argu- 
ments for  the  immortality  of  the  soul, — since  it  could  scarcdy  be 
supposed,  that  such  a  desire  should  have  been  implanted  by  our 
beneficent  Maker,  if  it  were  not  in  some  way  to  be  gratified. 
By  the  Immortal  Soul,  the  existence  of  which  is  thus  guessed  by 
Man,  but  of  whose  presence  within  him,  he  derives  the  strongest 
evidence  from  Revelation,  Man  is  connected  with  beings  of  a 
higher  order,  amongst  whom  Intelligence  exists,  unrestrained  in 
its  exercise  by  the  imperfections  of  the  bodily  frame,  with  which 
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it  is  here  connected,  and  by  which  it  here  operates. — Such 
views  tend  to  show  us  the  true  nobility  of  Man's  rational  and 
moral  nature ;  and  the  mode  in  which  he  may  most  effectually 
fulfil  the  ends  for  which  his  Creator  designed  him.  We  learn 
finom  them  the  evil  of  yielding  to  those  merely  animal  tenden- 
cies,— those  ''  fleshly  lusts  which  war  against  the  soul," — ^that 
are  characteristic  of  beings  so  far  below  him  in  the  scale  of 
eadstence,  and  tend  to  degrade  him  to  their  level ;  and  the  dig- 
nity of  those  pursuits,  which  by  exercising  his  intellect,  and  by 
expanding  and  strengthening  his  loftier  moral  feelings,  raise  him 
towards  beings  of  a  higher  and  purer  order.  But  even  the  lof- 
tiest powers  and  highest  aspirations,  of  which  he  is  at  present 
capable,  may  be  regarded  as  but  the  germs  or  rudiments  of  those 
more  exalted  faculties,  which  the  human  mind  shall  possess, 
when,  purified  firom  the  dross  of  earthly  passions,  and  expanded 
into  the  comprehension  of  the  whole  scheme  of  Creation,  the 
soul  of  Man  shall  reflect,  without  shade  or  diminution,  the  full 
efinlgence  of  the  Love  and  Power  of  its  Maker. 


o  o  2 


CHAPTER  XV 

OP  REPRODUCTION. 

723.  There  is  no  one  of  tbe  functions  of  Hying  beings,  that 
distinguishes  them  in  a  more  striking  and  evident  manner  from 
the  inert  bodies  which  surround  them,  than  the  process  of  Be- 
production.  By  this  function,  each  race  of  Plants  and  Animals 
is  perpetuated ;  whilst  the  individudU  composing  it  saooesBively 
disappear  from  the  face  of  the  earth,  by  that  death  and  decay 
which  is  the  common  lot  of  all.  There  are  some  tribes,  in  whidi 
the  death  of  the  parent  is  necessary  for  the  liberation  of  the 
germs,  from  which  a  new  race  is  to  spring  up ;  and  there  are 
many  in  which  the  life  of  the  parent  is  not  prolonged,  after  it 
has  laid  the  foundation  (as  it  were)  of  a  new  generation ;  so 
that  this  function  can  be  only  exercised  once  by  each  individual. 
But,  in  general,  the  mode  in  which  it  is  performed  renders  it  less 
injurious  to  the  parent ;  and  indeed  it  may  be  regarded  as  a 
function  equally  consistent  with  its  well-being,  with  any  of  those 
we  have  been  considering.  A  very  unnecessary  degree  of  mys- 
tery has  been  spread  around  this  process.  It  has  been  regarded 
as  one  altogether  inscrutable, — whose  real  nature  could  not  be 
unveiled,  even  by  the  scientific  inquirer,  and  whose  secrets  the 
uninitiated  should  never  seek  to  comprehend.  But  so  modi 
light  has  been  thrown  upon  it  by  recent  investigations,  that  we 
now  know  at  least  as  much  of  this,  as  of  almost  any  other  firoc- 
tion  ;  and  the  Author'^s  experience  has  led  him  to  believe,  tbai 
such  knowledge  may  be  communicated  to  the  general  reader, 
without  the  least  infringement  of  the  purest  delicacy  of  feding. 
Indeed  his  own  judgment  would  lead  him  to  the  belief,  that  the 
possession  of  such  knowledge  is  the  best  possible  check  to  that 
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cariosity,  which  almost  eveiy  one  feels  upon  the  subject,  and 
which  frequently  leads  to  improper  modes  of  gratifying  it. 

724.  It  has  been  elsewhere  shown  (  Veoet.  Phys.  Chaps,  ix., 
XII.),  that,  in  the  Vegetable  Kingdom,  there  are  two  distinct 
modes,  by  which  the  propagation  of  most  kinds  of  Plants  may 
take  place  ; — ^the  extension  of  the  parent  structure  into  new  por* 
tions,  which  are  independent  of  each  other,  and  which  can  maintain 
their  lives  when  separated  from  it ; — and  the  formation  of  cer- 
tain bodies,  the  development  of  which  does  not  commence,  until 
they  have  been  cast  off  from  the  parent, — these  being  nothing 
else^  frx>m  the  first,  than  the  germs  of  new  individuals.  Now 
the  bodies  of  the  first  class  are  known  as  leaf-hiids  in  the  Flow- 
ering Plants,  and  as  gemmas  among  the  Cryptogamia  ;  many  of 
which  last,  as  the  Marchantia  (Yboet.  Phys.  §.  33)  are  fur- 
nished with  a  peculiar  means  of  producing  them.  These  buds 
may  be  developed  in  connexion  with  the  parent  structure,  and 
may  continue  to  form  a  part  of  it ;  or  they  may  be  removed 
from  it  (as  in  the  processes  of  budding,  grafting,  &c.),  and  may 
be  developed  into  new  individuals.  On  the  other  hand,  the 
bodies  of  the  second  class  are  known  as  seeds  among  the  Flower- 
ing Plants,  and  as  spores  among  the  Cryptogamia.  From  the 
very  first,  these  are  destined  to  produce  new  individuals ;  and 
their  development  does  not  take  place,  until  they  are  cast  off  from 
the  parent,  which  frequently  (as  in  annual  plants)  dies  as  soon 
as  it  has  matured  them  and  set  them  free.  Both  these  modes 
of  Reproduction  exist  in  the  Animal  Kingdom ;  but  the  former 
is  confined  to  its  lowest  tribes ;  and  among  these,  we  not  only 
find  a  tendency  to  multiplication  by  buds,  but  an  extraordinary 
power  of  regenerating  lost  parts,  and  even  of  reproducing  the 
whole  structure  from  a  small  portion  of  it. 

725.  This  is  the  case,  to  a  greater  or  less  degree,  in  most  of 
the  Radiated  classes ;  and  in  none  more  than  in  the  Hf/dra^ 
already  so  frequently  referred  to»  Not  only  will  the  body  re- 
produce any  of  the  arms  that  have  been  cut  off,  but,  if  it  be 
cut  up  into  a  number  of  small  portions,  each  of  these  will  deve- 
lop itself  into  a  complete  polype.  Altliough  this  interesting 
little  animal  appears  sometimes  to  reproduce  itself  by  ota  or 
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egg",  yet  its  usual  nKxle  of  propagfttion  it  by  budt.     From  the 
ride  of  the   parent,  a  little  knot 
or  piotabenmce  is  seen  to  project ; 
this  inoreasee  in  aize,  and  aannnea 
mora  of  the  fbim  of  a  yonng  asi- 
mal ;  tentacnia  sprout  team  aroond 
)  its  extremity,   and   a    month  or 
opening'  into  its  interior  cavity  is 
formed  there ;  this  cavity,  which 
at    first    commanicatea    with  the 
stomach  of  the  parent,  is  gradually 
shntofffnmi  it;  the  young aaimal 
begins  to  seize  and  digest  its  own 
food,  whilst  still  attached  by  its 
hose  to  the  body  of  the  panst;  and 
F,«,«io  H,d»...ud.«i«dack-«.d.  rtlastthecMUlexioni8bTCkM^Bad 
it  becomes  completely  independent.    Several  of  these  buds,  in  dif- 
ferent stages  of  development,  may  aometimes  be  seen  on  the  body 
of  a  well-fed  Hydra  (as  shown  on  the  left-hand  side  of  Fig.  SBO) ; 
and  occasionally  the  young  ones  themselveB  begin  to  produce  a 
third  generation,  before  they  are  separated  from  the  body  of  the 
parent;  so  that  as  many  as  18  individuals,  in  various  stages  ot 
development,  have  been  seen  sprouting  from  a  nngle  one.     The 
8ea>  Anemone  has  a  power  of  reproducing  lost  parts  almoet  equal 
to  that  of  the  Hydra ;  hut  it  does  not  propagate  itself  in  the 
same  manner,    its  reprodnction  being  always  effected  by  ova. 
Bat  these  eggs  a»  not  nnfrequently  hatched,  and  the  erobryoe 
partially  developed,  within  the  body  of  the  parent;  so  that  the 
half-formed  yonng  ones  are  ejected  from  its  month,  along  with 
the  undigested  remnants  of  its  food  (§.  133). 

726.  Among  the  compound  Polypifera,  we  find  the  process 
of  reprodnction  by  budding  carried  to  a  great  extent.  The  bnda 
do  not  originate,  bowem,  from  the  individntU  polypes,  bat  from 
the  tree-like  stmoture  which  connects  them  ($.  133).  This 
straoture  has  powere  of  grovrth  in  itself,  independently  of  the 
polypes,  which  may  be  regarded  as  the  months  by  which  it 
obtains  its  food  ;  and  when  it  extends  itself,  by  oommendng  a 
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new  bntnch  or  twig,  tbe  polype-oell  is  first  fonned,  knd  tlte  polype 
itself  does  not  appew  until  this  is  oomplete.  A  small  portion  of 
the  gelatinous  flesli  peeled  off  from  the  stem  of  one  of  the  atony 
corals  (§  133),  is  able  to  reproduce  the  entire  structure ;  for, 
abeorhing  aonriehment  from  the  surrounding  fluid,  it  begins  to 
deposit  stony  matter  on  the  snr&oe  on  which  it  may  be  lying, 
so  as  to  lay  the  foundation  of  a  cell ;  within  this,  a  polype  is 
speedily  developed ;  and  the  stem  nnd  branches,  with  multitudes 
of  oew  polypes,  are  in  time  produced,  by  the  continuance  of  a 
similar  process. 

727.  In  the  Sla/r-fith,  a  considerable  power  of  regenerating 
lost  parts  has  been  obserred  ;  but  this  appears  to-be  confined  to 
tbe  reproduction  of  the  arms  irom  the  body.  As  it  does  not  seem 
that  the  body  can  be  regenerated  from  the  arms,  or  from  a  half 
of  itself,  no  multiplication  of  individuals  can  take  place  in  this 
manner  ;  and  in  this  class  there  is  no  propagation  by  buds,  as  in 
thegroupjnst  mentioned.  In  ^ntma^s^,  however,  we  find  this 
process,  or  a  modification  of  it,  to  be  almost  the  only  means  of  re- 
production, which  the  beings  composing  that  wonderful  group  pos- 
sess; for  the  greater  number  of  species  never  depodt  eggs,  but 
mnltiply  themselves  by  the  development  of  buds,  or  by  the  division 
of  their  own  bodies.  The  former  process  may  be  continually  wit- 
nessed by  tbe  microscopic  observer,  in  the  common  Fortkeila,  a 
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bell-shaped  animalcule,  attached  by  a  stalk,  and  abundant  in 
almost  every  pool  in  which  aquatic  vegetables  grow,  especially  clus- 
tering around  the  stems  of  Duckweed  (Fig.  281  ,a,a).  Its  various 
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stages  closely  resemble  those,  which  have  been  already  described  in 
the  Hjdra.  But  in  many  other  species,  the  body  of  the  parent 
divides  into  two  equal  parts,  in  each  of  which  we  see  a  month 
and  other  parts  resembling  those  of  the  original.  This  division 
is  gradual.  A  narrowing  of  the  body  along  or  across  its  middle 
(for  ihe^fisnon  or  cleaving  sometimes  takes  place  lengthways,  as 
at  by  sometimes  transversely,  as  at  c),  is  first  seen ;  the  indent- 
ation at  the  edge  becomes  gradually  deeper,  and  at  last  the  two 
parts  hold  together  by  but  a  narrow  band,  which  finally  breaka, 
and  they  become  free. 

728.  But  there  are  some  species  in  which  this  process  is 
stopped  short,  as  it  were,  before  the  final  separation ;  and  in  this 
case,  a  compound  animal  is  gradually  formed,  by  the  union  of 
many  in  one  line  or  surface, — just  as  several  cells  remaining  ad- 
herent together,  but  having  independent  powers  of  life,  form  the 
simple  stalks  of  the  head-mouldy  or  yeast-fungut  (Yegbt.  Phys. 
§.  ^Q),  Some  very  remarkable  compound  structure  are  thus  pro- 
duced ;  and  among  them  is  one  well  known  to  microscopic  obscsr- 
vers,  under  the  name  of  the  Vohoxj  or  Globe-animalcule.  This 
is  large  enough  to  be  discernible  to  the  naked  eye,  and  is  a  most 
interesting  and  beautiful  object  under  the  microscope.  It  ap- 
pears in  the  form  of  a  hollow  globe  with  a  transparent  wall, 
inclosing  other  smaUer  but  similar  globes.  The  wall  of  each 
sphere  is  studded  all  over  vnth  mmute  green  points,  disposed  at 
regular  distances  firom  each  other;  and  when  these  are  examined 
with  a  sufficiently  high  magnifying  power,  they  are  seen  to  be 
distinct  animalcules,  closely  resembling  in  structure  those  which 
in  other  species  are  separate ;  each  having  its  own  cilia,  by  the 
vibrations  of  which,  in  connection  with  the  rest,  the  whole  mass 
receives  a  rolling  motion.  They  seem  to  be  in  some  degree  con- 
nected with  each  other,  by  means  of  vessels,  which  pass  along 
the  tranflparent  glassy  wall  that  supports  them.  The  interior 
globes  are  young  structures  of  a  similar  kind,  which  have  had 
their  origin  in  one  of  the  animalcules  of  the  parent  mass.  This, 
by  dividing  and  subdividing,  forms  a  new  group  of  animalcules, 
which  is  at  first  attached  to  the  interior  of  the  wall  of  the 
parent  structure ;  but  after  a  time  it  is  separated,  and  floats  in 
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its  cavity ;  and,  when  it  is  mature,  it  is  liberated  by  the  bursting 
of  the  walls  which  inclose  it, — the  destruction  of  the  parent 
being  thus  necessary  for  the  propagation  of  the  race.  Not  nn- 
frequently,  a  third  generation  may  be  seen  within  the  second, 
previously  to  the  setting-free  of  the  latter ;  and,  under  the  bril- 
liant light  and  high  magnifying  power  of  the  solar  microscope, 
even  a  fourth  generation  has  been  seen  within  the  third. 

729.  Among  many  of  the  lower  Articulata^  the  segments  of 
the  body  appear  to  be  capable  of  producing  new  individuals ; 
and  there  are  some  among  the  Annelida,  whose  ordinary  pro- 
pagation is  accomplished  in  this  manner.  In  some  species  of 
the  Earth-worm^  the  reproductive  power  appears  to  be  nearly  as 
great  as  in  the  Hydra;  for  a  single  individual  having  been 
divided  into  twenty-six  parts,  almost  all  of  them  reproduced  the 
head  and  tail,  and  became  so  many  new  and  perfect  individuals ; 
and  in  another  experiment,  the  head  of  one  of  these  animals  was 
cut  off  eight  times,  and  reproduced  as  often.  In  the  Naisy  one 
of  the  marine- worms,  the  last  joint  of  the  body  gradually  extends, 
and  increases  to  the  size  of  the  rest  of  the  animal ;  and  a  separa- 
tion is  made  by  a  narrowing  of  the  preceding  joint,  which  at  last 
divides.  Previously  to  its  separation,  however,  the  young  one 
often  shoots  out  a  young  one  from  its  own  last  joint,  in  a  similar 
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manner;  and  three  generations  have  thus  been  seen  united.  In 
some  species  of  Nereisy  the  separation  takes  place  nearer  the 
middle  of  the  body. 

730.  In  the  Planaria^ — an  aquatic  animal,  which  has  the 
same  general  structure  with  the  Entozoa  (particularly  resembling 
the  Fluke^  common  in  sheep^s  livers),  but  which  does  not  inhabit 
the  bodiesof  other  animals, — the  power  of  reproducing  the  several 
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parts  of  the  body  is  nearly  as  great  as  in  the  Hydra ;  although  it 
IS  an  animal  of  much  more  complex  structure,  posooaaing  ejfes,  a 
regular  digestive  apparatus  with  a  seoond  onfioe,  and  a  system 
of  yessels.  A  partial  division  of  the  body  will  produce  an  animal 
with  two  heads  or  two  tails,  according  to  the  end  that  is  left; 
portions  of  different  animals,  and  even  of  different  species,  may 
be  grafted  together ;  and  in  isKct  any  conceivable  monstrosity  may 
be  produced  in  this  manner.  Among  the  higher  Articnlata,  the 
power  of  this  kind  of  reproduction  iqipean  to  be  much  less;  but 
it  is  really  not  inferior,  because  the  parts  regenerated  are  much 
more  complex  in  their  structure.  Both  Crustacea  and  Spidon 
have  the  power  of  re-forming  legs  and  claws  which  have  been 
broken  off;  and  in  the  former  class  it  is  very  common  to  meet 
with  individuab,  in  which  the  size  of  the  two  organs  of  the  ssme 
pair  is  so  different,  as  to  show  that  one  of  them  has  been  kst 
and  is  in  process  of  renewal.  Among  perfect  Insects,  whose 
nutritive  functions  are  for  the  most  part  comparatively  inactive 
(§.  105),  the  reproduction  of  parts  scarcely  ever  takes  place ;  but 
many  of  the  Larv89  possess  this  power  in  a  considerable  degree. 

731.  In  the  lowest  Mollusca,  we  have  some  instances  of  the 
power  of  increase  by  budding^  which  seems  so  remarkably  to 
connect  the  Animal  and  Vegetable  kingdoms;  but  these  are 
restricted  to  those  species,  in  which,  as  in  Plants,  there  is  an 
association  of  a  number  of  individuals  into  one  oompound  stmc- 
ture  (§.  126).  In  regard  to  the  amount  of  reproductive  power 
possessed  by  the  higher  tribes  of  this  group,  few  observationB 
have  been  made ;  but  the  head  of  the  Snail  has  been  known  to 
be  replaced  after  being  cut  off,  provided  the  cephalic  ganglion  is 
not  injured. 

732.  Even  Yertebrated  animals  exhibit  similar  phenomesa 
in  no  inconsiderable  degree.  In  Fishes,  this  reproductive  power 
is  confined  to  the  fins,  which  are  sometimes  regenerated  alter 
being  lost  by  accident  or  disease.  In  many  Reptiles,  however, 
especially  those  of  the  Frog  tribe,  it  is  much  more  eneigetie. 
In  the  Salamander^  for  instance,  new  legs,  with  perfect  boneSy 
nerves,  muscles,  &c.,  are  reproduced,  after  the  loss  or  severe 
injury  of  the  original  ones ;  and  in  the  Water  Newt,  a  perfect  eye 
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has  been  fonned,  to  replace  one  which  had  been  removed.  In 
the  tme  Lizards,  the  tail  when  lost  appears  to  be  restored ;  the 
new  part  contains  no  perfect  yertebr»,  however,  but  merely  a 
cartilaginous  column  like  that  of  the  lowest  fishes. — In  Mam- 
malia in  general,  as  in  Man,  the  power  of  reproducing  entire 
organs  appears  to  be  much  less  considerable  ;  but  each  tissue  is 
capable  of  regenerating  that  of  its  own  kind ;  and  as  this  process 
of  renovation  is  constantly  taking  place  in  the  living  body,  the 
act  of  Nutrition  has  been  not  unjustly  spoken  of,  as  a  perpetual 
generation.  This  power  is  nowhere,  perhaps,  more  remarkably 
manifested,  than  in  the  re-formation  of  a  whole  bone,  when  the 
original  one  has  been  destroyed  by  disease.  The  new  bony 
matter  is  thrown  out,  sometimes  within,  and  sometimes  around, 
the  dead  shaft ;  and  when  the  latter  has  been  removed,  the  new 
stmcture  gradually  assumes  the  regular  form,  and  all  the  attach- 
ments of  muscles,  ligaments,  &c.,  become  as  complete  as  before. 
A  much  greater  variety  and  complexity  of  actions  are  involved 
in  this  process,  than  in  the  reproduction  of  whole  parts  in  the 
simpler  animals ;  though  its  e£Pects  do  not  appear  so  striking. 
It  appears  that,  in  some  individuals,  this  regenerating  power  is 
retained  to  a  much  greater  degree  than  it  is  by  the  class  at  large; 
thus,  there  is  a  well-authenticated  instance,  in  which  a  super- 
numerary thumb  on  a  boy^s  hand  was  twice  reproduced,  after 
having  been  removed  from  the  joint.  And  in  many  cases  in 
which  the  crystalline  lens  of  the  eye  has  been  removed,  in  the 
operation  for  cataract,  it  has  been  afterwards  regenerated. 

733.  We  have  now  to  consider  the  special  means,  by  which 
the  proper  function  of  Reproduction  is  performed,  in  the  various 
tribes  of  Animals ;  all  the  preceding  phenomena  being  referrible 
to  the  operations  of  Nutrition,  taking  place  under  peculiar  cir- 
cumstances. In  order  to  understand  the  real  nature  of  this 
function,  it  is  simply  necessary  to  recal  the  statements  which 
have  been  elsewhere  made,  respecting  its  performance  in  the 
Yegetable  kingdom  (Veget.  Phys.,  Chap.  xii.).  In  nearly  all 
Plants,  we  find  certain  cells  appropriated  to  the  development  of 
germs ;  which,  when  mature,  are  set  free  by  the  bursting  of  the 
parent-cell,  and  then  commence  their  development  into  new 
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cells.  These  reproductive  cells  (which  are  themselTes  usaally 
cast  off  from  the  parent  stracture,  before  they  set  firee  their  con- 
tained cell-germs,)  are  termed  ipores  in  the  Cryptogamia,  and 
poUen-ffrains  in  the  Flowering-Plants.  The  cell-germs  con* 
tained  in  the  epore  are  developed  into  cells,  without  any  farther 
assistance,  than  that  which  they  derive  from  the  air,  moisture, 
&c.,  that  surroond  them ;  from  these  first-formed  cells,  others 
are  gradually  produced ;  and  from  them,  the  vaiious  organs  of 
the  new  plant  are  gradually  developed.  But  the  cell-gems 
contained  in  the  pollen-brains  are  not  thus  thrown  upcm  thdr 
own  resources  in  the  first  instance ;  for  they  are  received  into 
another  organ^  which  supplies  them  with  nourishment  already 
prepared  for  them  by  the  parent,  at  the  expense  of  which,  their 
early  development  takes  place.  Into  this  oigan,  the  atule^  the 
cell-germs  are  conveyed^  by  a  very  curious  prooeas,— the  pas- 
sage of  long  tubes  put  out  from  the  pollen-grain,  down  the 
style,  and  into  the  ovarium.  The  germs  thus  deposited  in  the 
ovule,  there  undeigo  their  early  development ;  and  the  mature 
seed  contains  the  embryo  or  young  plant,  developed  up  to  a 
certain  point,  along  with  a  frirther  supply  of  nourishment,  des- 
tined to  afford  the  materials  of  its  growth,  until  its  roots,  leaves, 
&c.,  are  sufficiently  advanced,  to  enable  them  to  perform  their 
proper  functions  in  obtaining  and  preparing  its  food. 

734.  Thus  in  the  higher  Plants,  we  have  two  sets  of  organs 
concerned  in  the  reproductive  process  ; — the  fferm-pr^HMrii^  and 
the  fferm-nouriihin^.  In  the  lower,  the  former  alone  exisk 
The  aid  of  the  latter  is  evidently  necessary,  to  enable  the  young 
plant  ultimately  to  attain  a  higher  degree  of  development ;  for 
it  is  a  rule  which  we  may  trace  in  universal  operation  through- 
out Nature,  that,  the  more  highly-organised  the  being  is  ultim- 
ately to  become,  the  longer  does  it  require  assistance  in  its 
early  development.  The  two  sets  of  organs  are  usually  possessed 
by  the  same  individual ;  so  that  it  requires  no  aid  or  inflvcnoe 
from  another,  in  the  discharge  of  the  Reproductive  function. 
But  they  are  sometimes  separated,  as  in  Jumrtotit  Plants  (Ybobt. 
Phts.  §.  435)  ;  and  the  aid  of  insects  or  of  the  wind,  and  some- 
times even  the  assistance  of  Man,  are  needed  to  convey  the  germ^ 
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contained  in  the  pollen- grains,  to  the  oYules  in  which  their  deve- 
lopment is  to  commence. 

735.     Now  in  Animals  we  find,  almost  without  any  excep- 
tion, that  the  concurrence  of  these  two  sets  of  organs  is  neces- 
sary ;  so  that,  even  in  the  lowest  tribes,   a  germ-preparing  and 
germ-nourishing  organ  exist ;  and  a  body  is  produced  which  is 
analogous  to  the  seed^  and  not  to  the  spore,  of  Plants.     This 
body  is  the  avumj  or  egg  ;  and  it  contains,  as  we  shall  presently 
see,  with  the  embryo,  a  store  of  nourishment  laid  up  for  its  sup- 
port during  a  longer  or  shorter  time.    Such  an  ovum  is  produced 
even  by  the  lowest  'Radiata,  whose  mode  of  reproduction  was 
formerly  thought  analogous  to  that  of  the  Cryptogamia.     But 
there  is  a  remarkable  difference  in  the  degree  of  development 
which  the  embryo  of  different  tribes  attains,  at  the  time  of 
quitting  the  egg,  and  coming  forth  into  the  world  ;  and  to  this 
difference  are  due,  the  extraordinary  mefamarphoseSj  which  are 
exhibited  by  some,  especially  among  the  lower  classes. — It  is 
not  difficult  to  understand,  why  the  embryo  of  every  Animal 
should  receive  such  assistance ;  for  it  will  be  remembered  as  a 
general  principle,  that  the  animal  tissues  can  only  be  nourished 
by  matter  that  has  previously  formed  part  of  a  living  being 
(§.  10)  ;  and  that,  as  such  matter  does  not  exist  diffused  through 
water,  in  a  state  in  which  it  can  be  appropriated  by  the  germ  (so 
long  as  this  consists  but  of  a  mass  of  cells),  it  must  be  prepared 
and  communicated  to  the  embryo  by  the  parent,  or  it  could  not 
maintain  its  existence. 

736.  As  the  history  of  the  early  development  of  Animals  is 
in  many  respects  parallel  with  that  of  Plants,  it  will  be  useful  to 
recapitulate  the  chief  phenomena  of  the  latter.  The  first  cells 
produced  from  the  cell-germs  of  the  Cr3rptogamia,  usually  form  a 
row  or  string,  from  the  sides  of  which  other  cells  are  developed ; 
and  in  this  manner  a  leaf-like  expansion  is  produced,  which  has 
the  power  of  performing  the  functions  of  absorption,  respiration, 
digestion,  &c.,  and  which,  in  fact,  constitutes  the  permanent 
form  of  the  lowest  tribes  of  Plants.  But  though,  in  the  highest 
Cr3rptogamia,  the  character  of  the  Plant  is  ultimately  to  become 
very  different  from  this,  its  formation  commences  in  precisely 
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the  same  manner ;  so  that  the  young  Fern,  which  is  afterwards 
to  send  a  woody  stem  and  beautifnllj-formed  leaves  into  the  air, 
and  to  transmit  its  solid  roots  deep  into  the  ground,  might  he 
readily  mistaken  for  an  humble  liverwort,  whose  firond  is  not 
destined  to  raise  itself  from  the  ground,  but  creeps  along  its  sur- 
face, and  obtains  its  nourishment  by  the  slight  fibres  which 
insinuate  themselves  into  the  soil.  It  is  from  the  emttre  of 
this  leafy  expansion,  termed  the  primary  /rand^  that  the  trae 
stem  and  roots  of  the  Fern  are  subsequently  put  forth ;  and  all 
the  remaining  portion  decays  away,  as  soon  as  the  first  true 
leaf  has  unfolded  itself.  Even  in  the  Flowering-Hants,  ^e 
early  development  of  the  embryo  takes  place  upon  the  same 
plan ;  for  the  mass  of  cells  of  which  it  is  composed  does  not  at 
first  take  the  form  which  the  young  plant  is  afterwards  to  ]Mre- 
sent,  but  spreads  itself  out  into  the  single  or  double  cotyMon^ 
which  is  a  leaf-like  ezpansaon,  closely  resembling  the  primary 
frond  of  the  Fern.  This  expansion,  absorbs  the  nonridiiDent 
provided  in  the  ovule,  and  prepares  it  for  the  devdopment  of  the 
young  plant,  which,  even  when  the  seed  is  mature,  forms  bat  a 
very  small  proportion  of  it.  The  development  of  the  permanent 
structure  takes  place  rapidly,  however,  during  the  process  of 
germination ;  in  which  all  the  nourishment  that  the  seed  con- 
tains, is  prepared  for  the  embryo  by  the  cotyledons,  which  serve 
the  purpose  of  leaves,  until  the  stem  and  roots  have  been  deve- 
loped, and  the  true  leaves  unfolded.  When  the  store  has  been 
exhausted^  and  the  development  of  the  embryo  has  advanced  hr 
enough,  for  it  to  be  able  to  support  itself,  the  cotyledons  decay 
away. 

737.  Thus  we  see  that  even  the  highest  Plants  have  to  pass 
through  the  conditions,  which  are  permanently  shown  in  the 
lower ;  and  that  the  parts  which  are  first  formed,  are  destined 
for  a  temporary  purpose  only.  We  shall  find,  in  tracing  the 
history  of  the  development  of  Animals,  that  exactly  the  same 
general  fact  may  be  observed  in  even  a  higher  degree,— 4he 
number  of  different  stages  being  greater,  and  an  even  larger 
proportion  of  the  parts  first  formed  in  the  higher  tribes,  having 
only  a  temporary  purpose. 
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738.  The  geim^prq>aring  organs  of  Animak  differ  consider- 
ably in  their  Btmctnre,  arrangement,  and  position,  in  the  dif- 
ferent classes ;  and  yet  as  regards  their  essential  character,  they 
are  the  same  in  the  highest  as  in  the  lowest.  In  the  part  of  tlie 
body  of  the  Hydra  near  its  month,  there  are  certain  cells,  within 
which  are  produced  numerous  minute  thread-like  bodies,  which 
are  occasionally  set  firee  from  it  by  an  opening  in  its  walls,  very 
much  in  the  same  manner  as  the  cell-germs  of  the  ConferrcB  are 
allowed  to  pass  forth  (Veget.  Phts.,  §.  44)  ;  and,  as  in  that 
tribe,  these  bodies  have  a  spontaneous  motion  through  the  water, 
which  they  continue  to  exhibit  for  some  time.  Indeed  they 
have  been  mistaken  for  distinct  animalcules ;  but  to  this  cha- 
racter they  have  no  more  claim,  than  have  many  other  parts  of 
the  body  (for  instance,  epithelium-ceUs  fringed  with  cilia),  which 
exhibit  similar  motions,  when  detached  from  the  entire  structure. 
Now,  although  a  separate  organ,  of  much  complexity  of  struc- 
ture, is  appropriated  in  the  higher  animals  to  the  preparation 
and  expulsion  of  these  germs,  its  essential  portion  still  consists 
of  cdli;  which  are  the  parts  that  really  form  them  within  them* 
selves,  setting  them  free  when  mature,  by  the  rupture  of  their 
own  wall. 

739.  The  germ-maturing  organs  of  Animals  also  differ  in 
their  form  and  arrangement ;  but  in  the  lowest,  they  present  all 
the  essential  parts  which  they  possess  in  the  highest ;  and  we 
shall  therefore  draw  our  description  from  the  former.  In  certain 
other  cells  of  the  Hydra,  near  its  stem  or  foot,  are  developed  a 
set  of  little  bodies,  which  are  analogous  in  structure  to  the 
ovules  of  Plants,  being  adapted  to  receive  the  germs,  and  to  assist 
them  in  their  early  development,  by  means  of  the  store  of  nutri- 
ment they  contain.  These  ovules  also  are  set  firee  by  an  aper- 
ture which  forms,  when  they  are  matured,  in  their  containing 
cell ;  when  they  have  been  fertilised  by  the  introduction  of  the 
germ,  they  become  true  ora,  or  eggs ;  and  the  embryo  remains 
in  them,  until  it  is  prepared  to  support  its  own  life, — the  period 
at  which  it  can  do  this  varying  considerably  in  the  different 
tribes. — Now  although  the  structure  of  the  organs  in  which  the 
ovule  is  prepared,  becomes  much  more  complex  in  the  higher 
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tribes,  its  essential  character  (as  in  the  previons  case)  remains 
exactly  the  same.  The  ovarium  of  Birds  consists  of  a  mass  of 
dense  areolar  tissue,  in  the  interstices  of  which  are  a  vast 
number  of  cells,  whose  function  is  precisely  the  same  as  that  of 
the  cells,  in  which  the  ovules  of  the  Hydra  are  developed ;  for 
vrithin  them  are  the  rudiments  of  ovules,  which  are  progres- 
sively matured  and  set  free  by  the  bursting  of  the  cells.  There 
is  this  difference,  however,  in  the  mode  in  which  they  are 
liberated ;  that  whereas  in  the  Hydra^  the  ovules,  set  fi«e  by 
the  bursting  of  the  cells,  at  once  pass  into  the  water  around, 
those  of  the  Bird  would  fall  into  the  cavity  of  the  abdomen, 
were  they  not  received  into  the  funnel-shaped  extremity  of  a 
tube,  called  the  omduety  by  which  they  are  conveyed  to  the  ex- 
terior of  the  body,  to  be  deposited  by  the  animal  in  the  place 
selected  for  it. 

740.  The  essential  structure  of  the  ovule  or  unfertilised  egg, 
as  it  quits  the  ovarium,  is  the  same  in  all  animals;  and  is  shown 
in  Fig.  284,  A.  It  consists  of  a  sac,  or  bag,  d^  containing  a  fluid, 
c,  termed  the  yoik;  which  is  composed  of  albumen  and  oil- 
globules,  and  in  which  cells  are  developed,  as  the  egg  becomes 
ready  for  fertilisation*  The  yolk  answers  precisely  the  same 
purpose,  in  the  Animal,  as  the  starchy  and  oily  matter,  laid  up 
in  the  seed,  does  in  the  economy  of  the  Plant;  being  destined 
to  afford  support  and  nourishment  to  the  embryo,  until  it  can 
obtain  these  for  itself.  The  yolk  contains  all  the  substances 
which  are  necessary  for  the  development  of  the  organised  frame- 
work ;  and  the  germ  has  the  wonderful  power  of  appropriating 
these,  in  such  a  manner  as  to  develop  itself,  from  the  condition 
of  a  simple  cell-germ,  to  that  of  a  highly-oiganised  and  most 
complex  fabric.  Floating  in  this  fluid  is  a  cell  of  peculiar 
aspect,  6,  which  is  termed  the  germinal  vesicle;  and  upon  its 
walls  is  a  very  distinct  spot  or  nucleus,  a,  termed  the  germinal 
spot.  These  last  parts,  have,  as  we  shall  presently  see,  most 
important  functions  to  perform,  in  the  reception  of  the  germ,  and 
in  aiding  its  early  development. 

741.  In  the  eggs  of  Birds,  and  many  others  among  the 
higher  oviparous  animals,  we  find  the  yolk-bag  surrounded  by 
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n  stort.  ..f  pure  albi.mun,  commonly  termt<l  tilt;  wAUe  of  the  egg 
(Fig.  283,  j7),   wliicli  U  gradually  absorlied  irto  the   yoIk-bau, 


d,  doMrlAalu ;  b,  yolk-bag  i  c,  msinln 


when  its  own  store  is  exhausted.  ThU  is  deposited  upon  its 
surface,  whilst  it  is  passing  through  the  oviduct ;  and  from  the 
lining  of  this  canal  seems  to  be  poured  out  the  liquor  sanguinii, 
which,  by  its  coagulation,  forms  the  beautiful  fibrous  membrane, 
that  encloses  the  white,  nnd  is  also  the  basis  of  the  shell  (§.  23). 
This  membrane  separates  into  two  layera  at  the  large  end  of  the 
egg ;  and,  enclosed  between  these,  there  is  a  bubble  of  air,  /, 
which  serves  to  give  the  yonng  bird,  just  before  it  is  hatched,  the 
power  of  filling  its  lungs  with  air.  The  yolk-bag  floats  within 
the  albnmen,  and  always  tries  to  take  the  highest  place,  being 
the  lighter  of  the  two  ;  but  it  is  kept  nearly  to  one  place,  by  two 
cor^  which  seem  formed  of  peculiarly  viscid  albnmen,  and  con- 
nect the  yolk-bag  with  the  lining  membrane  at  the  two  ends  of 
tlie  thell,  d^d.  These  are  termed  ^e  ckalaza  {e,  e).  In  this 
manner,  the  yolk-bag  is  always  kept  at  the  part  of  tho  shell 
where  it  can  most  favourably  receive  the  warmth  imparted  to  it 
by  the  mother;  and  the  eiaitrieula  or  germ^tpot  (which  is  the 
mass  of  cells  first  developed  within  the  germinal  vesicle)  is  made, 
by  a  similar  contrivance,  always  to  rise  to  the  highest  point. 
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742.  When  the  oYule  is  being  matured  for  fertilisation,  a 
remarkable  change  takes  place  in  the  germinal  yesicle.  Though 
preiriously  in  the  centre  of  the  jolk,  it  now  moves  up  towaHs 
one  side  of  it,  and  becomes  flattened  against  the  yolk-bag.  At 
the  same  time,  the  edge  of  its  nucleus  b^[ins  to  resolve  itself 
into  a  ring  of  cells,  which  sprout  forth,  as  it  were,  from  its  inner 
wall,  into  its  cavity.  These  cells  enlarge,  and  anothw  ring  is 
developed  nearer  the  centre  of  the  nucleus,  pushing  the  former 
one  outwards.  A  third  ring  .  is  next  formed  internally  to  the 
second ;  and  a  similar  process  continues,  until  the  whole  ger- 
minal vesicle  is  filled  with  minute  cells,  of  which  those  consti- 
tuting the  outer  and  first-formed  rings  are  the  largest,  whilst 
those  forming  the  central  rings  are  very  minute.  The  centre  of 
the  germinal  vesicle  remains  transparent ;  and  into  this  the  gmn 
finds  its  way,  in  the  process  of  fertilisation.  It  is  permitted  to 
do  so,  by  the  formation  of  a  chink  or  fissure  in  the  part  of  the 
yolk-bag  that  covers  this  central  point ;  which  fissure  doaes  up 
again,  as  soon  as  the  germ  has  been  introduced ;  and  the  ger- 
minal vesicle  then  returns  to  the  centre  of  the  yolk-bag.  The 
central  transparent  space  is  now  seen  to  be  occupied  by  two  new 
cells,  having  a  very  different  appearance  from  the  rest;  and 
there  can  be  little  doubt  that  these  twin-cells,  from  which  the 
entire  embryo  is  subsequently  to  be  developed,  have  had  their 
origin  in  the  germ  which  has  thus  entered  the  germinal  vesicle. 

743.  The  two  new  cells,  which  have  been  described  as 
making  their  appearance,  after  fertilisation,  in  the  centre  of  the 
germinal  vesicle,  speedily  increase  in  sisEe,  and  begin  to  develop 
new  cells  in  their  own  interior.  At  the  same  time  they  press 
upon  the  cells  which  filled  the  germinal  vesicle  previously  to 
fertilisation  ;  and  these  gradually  liquefy  or  dissolve  away,  until 
all  trace  of  them  is  lost,  and  the  twin-cells  with  their  offspring 
are  the  only  ones  contained  within  the  germinal  vesicle.  Here, 
then,  is  a  remarkable  instance  of  the  production  of  cells  for  a 
temporary  purpose ;  and  a  corresponding  process  is  going  on  at 
the  same  time  in  the  yolk.  By  comparing  these  pbenomeoa 
with  others  of  a  mmilar  kind,  it  can  scarcely  be  doubted  thai  the 
purpose  of  this  development  of  Umparary  cells,  is  (like  that  of 
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tbe  flostiDg  cella  in  the  chj'Ie  and  blood)  to  asHimilate  or  prepitro 
the  nonrishing  matter  contained  in  the  yolk  and  germinal  vesicle, 
for  the  nee  of  those  cella  which  are  to  be  more  permanent 
(§.  241).  The  cells  of  the  yollt,  like  those  within  the  germinal 
veeiele,  dissolve  away  after  a  certain  time,  and  are  no  mere  Been. 
— A  similar  procem  takea  place,  in  the  multiplication  of  every 
cell  prodnced  by  the  pair,  which  lays  the  foundation  of  the 
embryo ;  and  in  this  manner  the  number  is  continually  multiplied 
by  2,  BO  that,  in  place  of  the  single  pair  of  twin-cells,  we  find 
sncceeuvely  4,  8,  16,  32,  &c. ;  and  at  last  a  mass  is  produced, 
closely  resembling  a  mulberry,  ia  whidi  the  number  of  cells  ta 
too  great  to  allow  of  ita  being  counted.  This  mulberry-masa  is 
obviously  analogous  to  the  collection  of  cells,  which  ia  first  deve- 
loped within  the  ovule  of  the  Flowering- PI  ant ;  and  between  the 
condition  of  the  animal  and  vegetable  embryo  at  this  period, 
there  would  not  seem  le  be  any  essential  diiFerence. 

744.     In  the  next  stage,  howevpr,  a  marked  difference  shows 


Pia.  MH. — A,  B,  c  a,  SurrtMni  Biaom  ■■  thi 
a,  lanniiul  ipol ;  t.mrniiiul  TSitoli  i  c,  jDlk  ;  ct.  rolk  la 
Matdl/.OBlorUrer  of  Mil*  forming  (ennlntl numbruw ^ «,  tnnsr  lajv- 

itself,  which  is  very  characteristic  of  the  two  kingdoms  rospec- 
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lively.  The  mass  of  cells,  which  is  the  mdiment  of  the  Vege- 
table embryo,  spreads  itself  out,  as  we  have  seen,  into  a  flat 
leaf-like  expansion,  which  remains  as  the  permanent  form  of  the 
lowest  plants,  but  is  only  temporary  in  the  higher.  But  in  the 
embryo  of  the  Animal,  the  mulberry- mass  moves  up  against  the 
side  of  the  yolk-bag  (as  seen  at  6«  Fig.  284,  b),  and  then  sends 
off  from  its  edges  a  layer  of  cells,  which  passes  round  the  yolk, 
so  as  completely  to  enclose  it.  This  layer  is  shown  at  ff^  Fig. 
284,  c.  A  second  layer,  gg^  is  afterwards  formed  within  the 
preceding ;  and  in  the  higher  animals,  a  third  is  subsequently 
added.  These  different  layers,  which  are  aU,  in  the  first 
instance,  composed  of  cells  united  together,  make  up  what  is 
termed  the  germinal  membrans.  Thus  the  nutriment  prepared 
for  the  embryoy  becomes  enclosed  in  a  cavity,  from  whose  lining 
it  is  absorbed ;  and  this  cavity  may  be  regarded  as  a  stomach, 
temporary  in  the  higher  animals,  but  permanent  in  the  lower. 

745.  The  development  of  the  Polypes  advances  but  little 
beyond  this  point.  The  covering  of  the  ovum  bursts,  and  the 
ovum  is  hatched  or  set  at  liberty,  as  soon  as  the  yolk  has  been 
completely  enclosed  by  the  germinal  vesicle.  In  this  state  it  is 
termed  a  gemmuU  ;  and  it  swims  about  freely  in  water,  for  some 
time,  by  means  of  cXLia  with  which  its  surface  is  covered.  When 
it  meets  with  a  spot  fit  for  its  development,  its  change  into  a 
Polype  commences.  In  the  group  of  which  the  Hydra  is  an 
example,  this  takes  place  in  the  following  simple  manner.  As 
tlie  yolk  is  progressively  absorbed  into  the  substance  of  theembiyo, 
the  germinal  membrane  gradually  thins  away  in  one  point ;  and 
at  last  an  aperture  is  formed,  which  becomes  the  mouth.  From 
around  this  aperture,  the  tentacula  or  arms  shoot  forth ;  a  single 
row  being  first  formed,  and  others  being  afterwards  added,  in 
those  species  in  which  they  are  numerous.  Thus  the  two  laj^ers 
of  the  germinal  membrane  enter  into  the  jpermanrnX  structure  of 
the  animal ;  the  outer  one  forming  the  outer  integument,  the 
inner  becoming  the  lining  of  the  stomach.  In  the  Hydra  and 
other  polypes  formed  upon  its  simple  plan,  these  two  layers 
remain  united;  but  in  the  Sea- Anemone  and  its  allies,  they 
separate  from  each  other  at  certain  points,  so  that  a  series  of 
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chambers  is  formed  between  them  ;  and  these  chambers  are 
afterwards  set  apart  for  the  production  of  ovules  and  germs 
(§.  132). 

746.  In  the  higher  Animals,  on  the  other  hand,  the  greater 
part  of  the  germinal  membrane,  and  of  the  cavity  which  it  forms, 
have  a  merely  temporary  purpose ;  being  cast  off,  when  they 
have  performed  their  function,  like  the  cotyledons  of  Plants. 
It  will  be  convenient  to  take  the  development  of  the  Bird^s  egg 
as  an  example  of  the  process,  since  it  occurs  near  the  opposite 
extremity  of  the  scale.  Nearly  the  whole  of  the  permanent 
structure  of  the  embryo  is  formed  from  a  single  largo  cell,  whicli 
is  at  first  seen  in  the  centre  of  the  mulberry-mass  already  men- 
tioned, but  which  preaents  itself  at  the  surface,  when  this  under- 
goes the  flattening  previously  described.  This  cell  possesses  a  large 
ring-like  nucleus,  or  spot  upon  its  walls;  which  afterwards 
becomes  lengthened  into  the  shape  of  a  pear,  and  then  into  that 
of  a  violin.  From  this  nucleus  are  developed  cells,  that  lay  the 
foundation  of  the  walls  of  the  spinal  cord  and  brain;  and  a 
deposition  of  bony  matter  in  small  spots,  marking  the  arches  of 
the  vertebras,  soon  afterwards  takes  place.  At  first  these  cells 
merely  form  a  ridge  on  either  side,  with  a  furrow  between  them  ; 
but  these  ridges  gradually  rise  up  and  approach  one  another,  and 
at  last  meet  on  the  central  line,  so  as  to  form  a  complete  tube, 
within  which  the  spinal  cord  and  brain  soon  begin  to  be 
developed. 

747.  During  the  progress  of  this  change,  another  very  im- 
portant one  is  taking  place,  which  is  destined  for  the  nourish- 
ment of  the  embryo  during  its  further  development.  This  is  the 
formation  of  vessels  in  the  substance  of  the  germinal  membrane ; 
which  veasek  serve  to  take  up  the  nourishment  supplied  by  the 
yolk,  and  to  convey  it  through  the  tissues  of  the  embryo.  The 
space  over  which  these  vessels  spread  themselves,  is  called  the 
Vascular  Area ;  it  makes  its  appearance  during  the  second  day 
of  incubation  in  the  Bird's  egg,  and  soon  spreads  itself  over  the 
surface  of  the  yolk.  Islets  or  points  of  a  dark  colour  first  appear 
in  it ;  these  unite  in  rows ;  and  at  last  continuous  vessels  are 
formed.     The  heart  makes  its  appearance  at  the  27th  hour  of 
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incnlMtiun,  m  r  simple  dilatation  of  tlie  bunk  into  wliidi  the 
blood  Teasels  uoite  {Fig. 
286,  h).  Its  walb  an  «t 
first  formed  bya  layer  of  cells; 
and  no  muscular  stmeture  is 
seen  in  it,  until  after  its  isgu- 
lar  pulsatinns  liare  com- 
menced. The  mode  in  which 
the  nourishment  of  the  em- 
bryo ia  imbibed,  throogli  the 
vascular  area,  from  the  st4H« 
laid  np  in  the  yolk,  bean  » 
striking  analogy  with  tliat,  in 
which  the  embryo  of  tlie 
Flowering  Plant  draws  in  tlie 
store,  laid  up  in  its  cotyledons 
or  in  its  albumen.  It  will 
Hu  (ii  or  THi  vucuux  Aria,  aftu  rotli  be  recollected  that,  ill  many 
n.vs  mcimiTHm.  Dicotyledoos,  the  cotyledons 

ali^orb  the  starchy  and  oily  matter  of  the  albumen  into  their 
nwn  substance,  U/ort  the  ripening  of  the  seed  ;  so  tbat  the  seed 
contains  only  the  embryo  and  the  fleshy  cotyledons,  the  latter  of 
which  gradually  impart  their  contents  to  the  former.  But  in  a 
large  number  of  Dicotyledons,  and  al!  Monocotyledons,  the 
albumen  remains  as  a  separate  store,  even  when  the  seed  is  ripe  ; 
and  is  <^lerwar<b  absorbed  by  the  double  or  single  cotyledon  ; 
and  imparted  to  the  embryo  through  its  means,  as  in  the  Bird's 
egg.  (Vkget.  Phys.  §.  440-442).  The  cells  of  the  germi- 
nal membrane  in  the  Animal,  and  those  of  the  cotyledons 
in  the  Plant,  probably  serve  to  elaborate  or  prepare  the  noo- 
rishment,  for  the  use  of  the  germ.  It  is  in  the  former,  that  th« 
matter  of  the  yolk  is  first  converted  into  blood. 

748.  The  germinal  membrane  surrounding  the  yolk,  may 
still  be  regarded  as  the  temporary  stomach  of  the  embryo;  but 
instead  of  the  whulo  of  it  becoming  the  permaaent  digestire 
cavity,  as  in  the  Radiated  classes,  only  a  small  part  of  it  is 
retained  for  this  purpose.     At  about  the  2Sth  hour  of  inca- 


Fio.  286. — FoRMATfoir  or  ths    diobstivb 
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bation,  its  layers  begin  to  exhibit  various  folds,  which  afterwards 
serve  for  the  formation  of  the  various  cavities  of  the  body.  The 
parts  of  it  which  lie  beyond  the  extremities,  and  which  spread 
out  from  the  sides  of  the  embryo,  are  doubled  in,  so  as  to  make 
a  depression  upon  the  yolk ;  and  their  folded  edges  gradually 
approach  one  another  under  the  abdomen,  which  lies  next  the 
interior  of  the  egg.  In  this 
manner  is  formed  the  permanent 
digestive  cavity;  which  is  at 
first  a  simple  pouch  communi- 
cating with  the  yolk-bag,  by  a 

wide  opening,  as  seen  at  f,  Fig.  cayity.  c,  embryo:  /.y,layen  of  germinal 
ctois      \.    ±        i-«i*  111       membrane;  h,  beart ;  s,  stomach. 

286 ;   but  which  is   gradually 

separated  from  it  by  the  narrowing  of  this  orifice  (as  seen  at  #, 
Fig.  287),  and  becomes  much  more  complex  in  its  form.  Thus 
we  may  say  that  the  digestive  cavity  in  Vertebrata  is  formed  by 
the  pinching-off  (as  it  were)  of  a  small  portion  of  the  general  sac 
of  the  yolk.  In  the  Mammalia,  the  remainder  of  the  yolk-bag 
is  completely  separated  from  this,  by  the  closure  of  its  narrow 
orifice;  and  it  is  afterwards  thrown  off;  so  that  only  a  very 
small  portion  of  the  germinal  membrane  is  received  into  the  per- 
manent structure.  But  in  Birds  and  other  oviparous  animals, 
the  whole  of  the  yolk-bag  is  ultimately  drawn  into  the  abdomen 
of  the  embryo ;  the  former  gradually  shrinking,  as  its  contents 
are  exhausted ;  and  the  latter  enlarging,  so  as  to  receive  it  as  a 
little  pouch  or  appendage.  In  Fishes,  the  hatching  of  the  egg  very 
commonly  takes  place  before  this  process  has  been  completed  ;  so 
that  the  little  Fish  swims  about  with  the  yolk-bag  hanging  from 
its  body. 

749.  The  embryo,  like  the  adult,  has  need  of  Respiration ; 
partly  that  its  own  heat  may  be  kept  up ;  and  partly  that  the 
carbonic  acid  liberated  in  the  various  processes  of  nutrition,  may 
be  set  free.  Owing  to  the  peculiar  structure  of  the  membrane 
covering  the  albumen  and  forming  the  basis  of  the  shell  (§.  23), 
the  outer  air  is  enabled  to  gain  access  to  the  interior  of  the  egg; 
and  at  first  its  action  upon  the  blood,  whilst  circulating  in  the 
vascular  area,  is  sufficient.     In  Fishes,  no  further  provision  is 
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made  for  tliis  procuBs  i  since,  by  tUe  time  it  would  be  required, 

the  egg    ia   batcUed ;  tbe  young  animal  comes  fortli  into  tbe 

menliuin  it  is  penuanbntlj'  to  inhabit,  ita  own  gilk  come  into 

play,  and  the  sir  contained  in 

tlie   wat«r  can   act  directly 

upon  the  blood  circulatiDg  in 

the    vaacular   area.     But   in 

the  higher  oviparous  animals, 

whose  development  proceeds 

fm.  IS?.— FormatkiD  ni  tbr  lUantoii,  (.  further  before  they  leave  tbe 

TheotherrefcrenoantlnPlr.ffle  pgg^    ^    Special    proviffion    is 

made  for  thb  purpose.  A  bag,  termed  tbe  aliantoi*, 
nprouto  (as  it  were)  from  the  lower  end  of  the  intestine  ;  and 
gradually  enlarges,  passing  round  the  embryo,  and  beneatb  its 
enveloping  membranes,  so  as  almost  completely  to  enclose  it 
(Pig.  287,  <)-  T'l"  surface  of  this  bag  is  plentifully  supplied 
with  blood-vessels  from  the  embryo ;  and  as  one  tide  of  it  lies 
in  close  proximity  with  tlie  membrane  of  the  shell,  it  is  very 
iidvantagoously  situated  for  receiving  tbe  inBuence  of  tlie  air.  It 
thus  serves  as  the  temporary  respiratory  apparatus  of  the  diick, 
up  to  the  time  when  it  is  preparing  to  quit  the  egg.*  Then  is 
reason  to  believe  that  the  bird  then  receives  air  into  its  Ivngs, 
from  the  air-space  formerly  mentioned  (§.  741),  which  increaaea 
in  size,  as  the  contents  of  the  egg  diminisli  in  bulk,  by  the 
evaporation  of  their  watery  part.  By  the  increased  vipMir 
which  it  thus  acijuires,  it  is  enabled  to  perlcnm  the  movements 
ruquisite  for  extricating  itself  from  its  shell;  which  it  does  en- 
tirely by  its  own  exertions.  When  it  thus  becomes  independent 
of  tbe  allantois,  the  circulation  throngh  tbe  latter  diminishes ; 
and  almost  the  whole  sac  is  separated  from  the  body,  by  the 
contraction  of  the  coonectiug  foot-stalk,  which  at  last  gives  way. 

*  Ir  Lbs  T«>pintiaii  of  die  embr^'o  be  prevcnlrd,  by  randnring  tha  iliell  impn- 
luubU  to  ur,  iu  daielopinonl  ii  mmpistclj' cbtckrd.  Ho  ■iimi4nri«»iDpliiliuif 
Ihit  it  M  elfecliul,  u  •mearing  lbs  ibdl  iritb  oil  or  gnua  of  uij  kind.  HcocB 
tha  effect  of  tbe  well-kiiown  pnetKO  of  butleriog  Ibe  iDrfacc  of  tbe  en,  ini**. 
vciiiiog  tbo  cbick  frnin  being  reared  ;  uid  the  ume  opention,  if  perfoiBitJ  vben 
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750.  In  MaRiTnalia^  both  the  yolk-bag  and  the  allantois  arc 
superseded,  at  an  early  period  of  the  development  of  the  embryo, 
by  a  new  and  remarkable  contrivance.  The  ovum,  in  passing 
through  the  oviduct,  receives  a  new  envelope,  resembling  that 
which  forms  the  membrane  of  the  shell  in  Birds ;  this  is  termed 
the  chorion.  It  is  then  received  into  the  cavity  of  the  uterus^  in 
which  it  is  delayed  for  a  considerable  period,  and  continually 
supplied  with  nourishment  drawn  from  the  blood  of  the  parent. 
From  the  whole  surface  of  the  chorion,  a  number  of  little  tufts 
shoot  out,  which  come  in  contact  with  the  lining  membrane  of 
the  uterus,  and  absorb  from  its  vessels  a  nutritious  fluid  which 
they  communicate  to  the  embryo.  When  the  allantois  is 
formed,  it  serves  to  carry  the  blood-vessels  of  the  embryo  to  the 
inner  surface  of  one  part  of  the  chorion  ;  and  they  shoot  through 
this,  and  dip  down,  as  it  were,  into  large  expanded  vessels  con- 
tained in  the  walls  of  the  uterus.  From  the  blood  of  the  parent, 
therefore,  the  vessels  of  the  embryo  are  enabled  to  absorb, 
through  their  thin  walls,  the  materials  requisite  for  its  growth  ; 
but  there  is  no  direct  communication  between  the  two.  The 
same  means  serve  for  the  aeration  of  the  blood  of  the  embryo ; 
for  this,  being  brought  from  its  body  in  the  venous  condition,  is 
exposed  to  the  influence  of  the  arterial  blood  of  the  parent, 
through  the  thin  walls  of  its  vessels, — just  as  the  venous  blood 
of  aquatic  animals  is  aerated  in  their  gill- tufts, — and  passes  back 
to  the  embryo  in  the  arterial  condition,  having  imparted  its  car- 
bonic acid  to  the  blood  of  the  parent,  and  received  from  it 
oxygen.  Thus  all  but  the  very  early  stages  of  development  are 
performed,  in  the  Mammalia,  by  means  of  which  we  scarcely 
find  a  trace  in  oviparous  animals  ;  and^  in  consequence,  the  store 
of  yolk  prepared  in  the  yolk-bag  is  very  small.  But  the 
ovum  of  Mammalia  is  originally  formed  on  precisely  the 
same  plan  with  that  of  oviparous  animals ;  and  the  first  changes 
which  it  undergoes  are  exactly  analogous. 

751.  It  would  not  bo  consistent  with  the  plan  or  with  the 
limits  of  this  work,  to  enter,  in  more  detail,  into  the  consider- 
ation of  the  processes  of  development ;  although  they  present 
many  points  of  the  highest  interest.     It  will  be  enough  to  state, 
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liowever,  that  every  one  of  the  principal  organs  in  the  highest 
animals,  passes  through  a  series  of  forms,  which  correspond  with 
those  that  remain  permanent  in  the  lower  parts  of  the  scale. 
Thus  the  heart,  as  already  stated  (§.   747)   is  at  first  a  simple 
tuhe,  resembling  the  dorsal  vessel  of  Insects  (§.  293).     After  a 
time,  this  tube  is  doubled  upon  itself,  and  two  cavities  are 
formed,  an  auricle  and  a  yentride  ;  in  this  condition,  it  strongly 
resembles  the  heart  of  the  Fish  (§.  286)  :  the  circulation  too  is, 
at  an  early  period,  that  of  the  Fish  ;  for  the  arterial  trunk  that 
springs  from  the  ventricle,  divides  into  a  set  of  arches  on  each 
side,  which  exactly  resemble  the  branchial  arches  of  Fishes  and 
Tadpoles.     Although  no  gills  are  present,  yet  there  is  a  series  of 
clefts  on  each  side  of  the  neck,  passing  through  to  the  pharynx ; 
which  are  analogous  to  the  branchial  apertures  of  the  carti- 
laginous Fishes  (§.  317)*    After  a  time,  however,  the  auricle  and 
ventricle  of  the  heart  are  each  divided  by  a  vertical  partition,  so 
that  four  cavities  are  formed,  out  of  the  two  which  previously 
existed  ;  and  at  the  same  period,  the  arrangement  of  the  Tessds 
undergoes  a  change,  by  the  division  of  some  trunks,  and  the 
obliteration  of  others,  so  that  they  gradually  assume  the  distribn- 
tion  which  is  characteristic  of  warm-blooded  animals  (§.  281). 
But  even  up  to  the  time  of  the  birth  of  the  Mammalia,  there  is 
a  communication    between  the    two  sides  of  the  heart,  and 
between  the  pulmonary  and  systemic  vesseb,  which  is  exactly 
analogous  to  that  which  permanently  exists  in  the  Crocodile 
(§•  283). 
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752.     The  Unity  of  Plan,  whicli  is  visible  through  the  whole 
Animal  Kingdom,  is  nowhere  more  remarkable,  titan  in  the 
function  of  which  an  outline  has  now  been  given.     We  have 
seen  that,  however  apparently  different,  the  essential  character 
of  the  Reproductive  process  is  the  same  in  the  highest  Animal 
as  in  the  lowest.     It  has  been  shown  that  the  development  of 
the  highly-organised  body  of  Man, — which  is  to  serve  as  the 
instrument  of  those  exalted  faculties,  by  the  right  employment 
of  which  he  is  made  "  but  a  little  lower  than  the  Angels," — 
commences  from  the  same  starting-point  with  that  of  the  meanest 
creature  living :  for  even  Man,  in  all  the  pride  of  his  philosophy, 
and  all  the  splendour  of  his  luxury,  was  once  but  a  single  cell, 
undistinguishable,  by  all  human  means  of  observation,  from  that 
which  constitutes  the  entire  fabric  of  one  of  the  simplest  Plants. 
And  when  the  Physiologist  is  inclined  to  dwell  unduly  upon  his 
capacity  for  penetrating  the  secrets  of  Nature,  it  may  be  salu- 
tary for  him  to  reflect  that, — even  when  he  has  attained  the 
furthest  limits  of  his  Science,   by  advancing  to  those  general 
principles,  which  tend  to  place  it  on  the  elevation  which  others 
have  already  reached, — he  yet  knows  nothing  of  those  wondrous 
operations,  which  are  the  essential  parts  of  every  one  of  those  com- 
plicated functions,  by  which  tlie  life  of  the  body  is  sustained. 
Why  one  cell  should  absorb, — why  another,  that  seems  exactly 
to  resemble  it,  should  assimilate, — why  a  third  should  seciete, — 
why  a  fourth  should  prepare  the  reproductive  germs,  —  and  why, 
of  two  germs  that  seem  exactly  similar,  one  should  be  developed 
into  the  simplest  Zoophyte,  and  another  into  the  complex  fabric 
of  Man, — are  questions  that  Physiology  is  not  likely  ever  to 
answer.     All  our  science  is  but  the  investigation  of  the  mode  or 
plan  on  which  the  Creator  acts;  the  Power  which  operates  is 
Infinite,  and  therefore  inscrutable  to  our  limited  comprehension. 
But  when  Man  shall  have  passed  through  this  embryo  state,  and 
shall  have  undergone  that  metamorphosis,  by  which  everything 
whose  purpose  was  temporary  shall  be  thrown  aside,  and  his 
permanent  or  immortal  essence  shall  alone  remain,  then,  we  are 
encouraged  to  believe,  his  finite  mind  shall  be  raised  more  nearly 
to  the  character  of  the  Infinite  ;  all  his  highest  aspirations  shall 
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bo  gratified,  and  never-ending  sonrces  of  delightful  contempla- 
tion shall  be  continually  opening  to  his  view.  The  philosopher 
who  has  attained  the  highest  summit  of  mortal  wisdom,  is  he 
who,  if  he  use  his  mind  aright,  has  the  clearest  perception  of  the 
limits  of  human  knowledge,  and  the  most  earnest  desires  for  the 
lifting  of  the  veil  that  separates  him  from  the  Unseen.  He,  then, 
has  the  strongest  motives  for  that  humility  of  spirit  and  purity 
of  heart,  without  which,  we  are  assured,  none  shall  see  God, 
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Abrrration,  chromatic,  548,  649 

—  spherical,  546. 547 

—  ayoided  in  eye,  549 
ABsoRmoif,  nutritire.  171 ;  performed  by 

cells,  41, 817 ;  throngh  lacteale 
of  Vertebrate,  217  '•   through 
blood-veeaeU  of  Inrertebrata, 
S2I  ;  in  unvascular  animals, 
925 
-~         interatitial,  performed  by  lym- 
phatics, 219;    from   general 
surface,  by  veins,  219,  220; 
from  lungs,  344 
Abstinence,  power  of,  140, 141, 152 
AizALBpHiK,  130 ;  luminousncss  of,  394,  395 
Acephalous  MolluMcii,  119,124 
Aeration  of  blood,  263,  303 
Aerating  surface,  311,  312 
Air,  atmospheric  composition  of,  300 ;  need 
of  in  animals,  207  ;  change  of,  by  respira- 
tion,  300-.302;  eflTects  of  deprivation  of, 
310 

Air.cell8of  Birds,  90. 326, 327 
—    tubes  and  sacs  of  Insects,  320,  321 

Albinos,  545 

Albumen,  nature  of,  16,  17 ;  chemical  com. 
position  of,  21 ;  conversion  of  into  fibrin, 
18,  33,  381 

Albuminous  principles  of  food,  153  ;  desti- 
nation of  them,  158—164 

Aliment,  definition  of,  139  (see  Food) 

Allantols,  749 

Ammonite,  121 

Amphibia^  91,  97  ;  circulation  In,  S87~-289 

Anabas,  or  Climbing  Perch,  318 

Anastomosis,  of  arteries,  2G2— 265 ;  of  nenrcfi, 
428 

Anemonios,  Sea,  80,  132, 738 

Aneurism,  263 

Animal  Kingdom,  primary  divisions  of, 
A9-41 

Animals,  essential  characters  of,  4, 5,  8 ;  pe- 
culiarities of  structure  in,  6— 14  ;  nutritive 
functions  of,  16  ;  chemical  compoeition  of, 
16;  food  of,  10,  11 ;  dependent  on  Plants 
for  support,  144—147 

Animalcules,  structure  of,  13, 136,  137 :  heat 


produced  by,   404 ;   multiplication  of,  by 
division,  727,  728 

Annkuoa,  general  characters  of,  114,  115; 
circulation  in,  294 ;  respiration  of,  314  ; 
nervous  system  oU  440 ;  muscular  motion 
of,  598 

Antennv  of  Insects,  uses  of,  498,  499 

Ant-eaters,  185 

Ant-lion,  GSf! 

Aorta,  258 

Aplysia,  438 

Aquatic  animals,  respiration  in,  298 

Aqueous  humour,  536 

A  RAcRNiDA.  general  characters  of,  106;  cir- 
culation in,  293 ;  respiration  in,  .123 

Areas,  comparative,  of  arteries,  247 

Arenioola,  314 

Areolar  tissue,  structure  and  properties  of, 
24—27 

Arm.  bones  and  ni  uncles  of,  G38>-640 

Arteries,  246 ;  comparativo  areas  of,  247  ; 
walls  of,  248 ;  pressure  of  blood  in,  249 ; 
protection  given  to,  250;  division  Into 
caplllurios,  251 ;  general  distribution  of, 
in  Man,  258;  in  Bird,  260,  au  ;  peculinri- 
ties  of  distribution  of,  362,  264,  265  ;  flow 
of  blood  through,  274—276 

Articulata,  general  structure  of,  70—72; 
separation  of  into  classes,  102— 1 17;  nervous 
system  of,  440—447 

Articulate  sounds,  QB7— 691 

Ascidiae,  126,  435 

Asphyxia,  200, 338,  339 

AssJmilatiun,  15,  18 

Astorias,  79,  128 

Atlas.  632 

Auditory  nerve,  512 

Auricles  of  heart,  257 

Axis  (vertebra),  632 
Axolotlh,  97 

Acotised  principles  of  food,  153,  154 ;  desti- 
nation of,  158—165 
Aaotiaed  matter,  excretion  of,  346-^348 


B. 


Balancing  of  body,  480,  481 
Balnnus,  113 


570 


INDEX. 


N.B. — The  fiMmAcrv  r^tr  io  ih«  paragrapka. 


Ball  and  socket  joint,  604 

Bamaole,  113 

Baiiement-membrane«  31 

Bat,  wings  of,  069 ;  ear  of.  515 ;  hybernation 

of,  309 :  peculiar  senaiUllty  of,  495 
Baya,  nest  of,  705 

Beat  of  heart,  909,  871 

Beaumont,  Dr^  hisexperimentsupon  gastrio 

fluid,  207, 206 
Bearer,  operations  of,  706—708 
Bees,  sapported  on  sugar  only,  156;  heat 

produced  by,  410, 411  :  use  of  antenna  In, 

499 ;  instlncta  of,  719—716 
BeU,  Sir  C,  his  discoveries,  499,  451 
Bicuspid  teeth,  IH7 
Bile,  chemical  characters  of,  364;  use  of,  in 

digestion,  219 ;  formed  from  venous  blood, 
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BUiary  excretion,  purposes  of,  346-351, 365  ; 

effect  of  suspension  of,  351 
Bilious  complaints,  350 
Birds,  general  chanoters  of,  87410 ;  digestive 
apparatus  of,  200 ;   digestive  powers  of, 
201 :  binod-disos  in,  230 ;  arterial  qrstem 
in.  260 ;  circulation  in,  281,  282 :  respira- 
tion in,  396.  397;  heat  of,  407.  413;  ner- 
vous system  of,  455 ;  intelligence  of,  484, 
717 ;  wings  of,  609 ;  flight  of,  692  ;  larynx 
of,  685 :  nests  of,  704. 705 ;  social  inKtinct 
in,  710 ;  stmoture  of  eggs  of,  741 ;  deve* 
lopment  of  embryo  of,  746-749 
Bladder,  gall*  369 ;  urinary.  302 
Blind  persons,  sense  of  toooh  in.  496,  507 
Blood,  general  oharacten  of,  226 ;  arterial 
and  venous,  227;  general  purposes  of. 
228,  378 ;  composed  of  liquor  sanguinis 
and  corpuscles,  229 ;  coagulation  of,  236- 
239 ;   seram  of,  240 ;  buffy  coat  of,  237  ; 
flow  of,  means  of  checking,  277,   278 ; 
changes  of,  in  disease,  233 
Blood  of  Invertebrate,  character  of,  235 
Blood<corpnscle8,  colourless,  33.  235 ;  func- 
tions of,  241 
—  red,  34, 229-234 ;  action  of 

endoonoee  on,  232  ;  vari- 
ety of  proportion  of,  in 
different  animals,  233; 
connection  of,  with  heat 
liberated,  413 
Blood-veasels,  244;  formation  of  in  embryo, 

747 
Bong,  structure  of.  47,  48 ;  chemical  oom- 
positlon  of,  49 ;  formation  of,  from  carti- 
lage, 50,  51  ;  reparation  of,  732 
Bones  of  head,   617-623;  of  ear,   516;  of 
epine.  696-632 ;  of  trunk,  623  ;  of  upper 
estremity,  635-644 ;  of  lower  extremity, 
645-648 
Bowerbankia,  134,  3fl6 


Brain  of  Ver(ebnita,6S;  notfheonly 
of  action,  465, 406 ;  comparative  siae  of, 
718, 719;  (see  Cerebrum  and  CeiebellainK 

Branchial  airchoB,  286-289 

Bronchial  tabes,  321^  328 

Brunei,  Mr.,  case  of,  194 

Buds,  reproduction  by,  in  Plants,  7S4 :  in 
Animals,  725-732 

Bulk  required  in  food,  9Ck5 


C. 

Caddioe-worms,  701 

Calamary,  121 

Camel,  stomach  of,  19A ;  skeleton  of,  85 

Cancerous  structure,  390 

Canine  teeth,  181, 183 

Cantering,  060 

Capillary  vessels,  251 ;  movement  of  btood 
in,  275,280 

Carapaoe,98 

Carbon,  modes  of  excretion  of,  345-an,  SOB 

Carbonic  acid,  set  free  in  feephaJliifi,  301. 
303;  mode  of  its  pvodaotioa,  900.  306: 
quantity  of,  proportional  to  activity  of 
animal,  307.-300 ;  amount  of.  disengaged 
by  Man,  334  ;  deterioration  of  atmosphere 
1^,335-338 

Osmivoroua  tribes  of  animals,  148-151 ;  nu- 
trition of.  161 

Carpenter-Bee,  703 

Cartilage,  structure  of,  45  ;  nutrition  of,  48 : 
transformation  of,  into  bone,  47,  5<^  51 

Cartilaginous  Fisbee,  51 

Cauda  equina,  460 

Cdl$t  genersl  actions  of,  in  Plants,  3 ;  in 
Animals,  13;  structure  of,  32; 
action  of  in  abeorption  and  seei«- 
tion,  39-42,  355, 359 ;  leprodnetiaB 
by.  733-739  ;  similarity  oT  aotliai 
in  Plants  and  Animals,  43, 300 

—  formation  of,  from  materiys  of  the 

blood.  382,  383 ;    oclflil  of,   304 : 
reproduction  of,  385 

—  floating,   red  of  blood,  34,  2I92M: 

colourless,  of  blood  and  diyle,  33. 
222. 235,  941 

—  of  Citnccr-stmeCnre^  39u 

—  of  Bee,  712.  718 ;  royal,  714.716 
Centipede,  70, 119.  443 
Cbpilalofooa,  general  oharaoten  of.  121: 

cli«nlation  in,  2m;  respiratioa  in.  316; 

nervous  qrstem  in,  448 
CerdteUum^  449  ;  development  of,  in  diftr- 

ent  classes,  452^456;  in  Man.  458%  fmc^ 

tions  of,  480^481 
Cerebral  nervas.  458,  466 
Cerebro-qtinal  system  of  nerves.  461 
Cerelnum,  449 :  development  of.  in  dlfltevat 
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dOMM  of  Vertobnta,  458-456 ;  In  Mbd, 
458 ;  development  of,  correepondent  with 
Intelligence,  452;  functions  of,  483-485; 
effecte  of  rcmoral  of,  465 

Cerumen  of  ear,  375 

Chaetodon  roetntus,  476 

Cbalazfle  of  egg,  741 

Chalcis,  93 

Chemical  Blements  of  animal  tiwues,  16 
—       composition  of  albumen,  81 ;  of 
gelatin,  81 

Cheselden'8  case,  fi07 

Childera,  ipeed  of,  660 

Cbimpanxee,  173, 674 

Choleeterine.  365 

Chorion,  7iM) 

Choroid  ooat,  533 

Chromatio  aberration,  548, 549 

Chryealie.  104.  309 

Ch^,  171,  818,  288 ;  change  of,  in  lacteals. 
888,  883 ;  delivery  of  into  blood-yeneU,  884 

Chylifioation,  171,  818.815 

Chyme,  171,211 

Chymiflcation,  171 

Cicada,  679 

Cicatricula,  741 

CUia,  117, 186,  134, 136,  319, 329 

Ciliary  prooeeeee,  536 

CracuianoN,  252 ;  purposes  of,  828 ;  com- 
plete double,  888;  greater, 
253 ;  lesser,  253,  S67 ;  pecu- 
liarity of,  in  liver,  266; 
mechanism  of,  269, 270 
—  course  of,    in    warm-blooded 

animals,  28,  888;  in  fcetus.  883;  in  rep- 
tiles, 884.  885 ;  in  fishes,  286 ;  in  amphibia, 
887-889 ;  in  molloscn,  890 ;  in  cephalopoda, 
891;  in  orustaces,  298;  in  insects,  293; 
hi  spiders,  893 ;  in  worms,  894 ;  in  eohl- 
nodermata,  89S;  in  loophytes,  896;  in 
sponges,  135 

Cirrhopoda,  genwal  ntmoture  of,  113 

Claspers  of  monkeys,  643,  674 

Clavicle,  634, 636 

Climbing  peroh,  318 

Coagulation  of  blood,  836-239 ;  of  chyle,  888 

Coagulable  lymph,  838^  383 

Cochlea,  518-590 

Cockchafer,  digestive  appsratus  of,  358 

Cookie,  150 

CcBcum,814 

Cold  sustained  by  animals,  Tntrod^  405 

Colouring  matter,  fonned  by  cells,  359,  360, 
498,533 

Colours,  distinction  of,  468 ;  complementary, 
568,570 

Ccnnbustion  of  carbon  in  animal  body,  157, 
418, 413 

Commissures  of  nervous  system,  434,  458 


Complemoitary  colours,  568-570 
Compound  animalcules 

•—        eyes  of  articulate,  573,  575 
"        polypes,  131 
—        tunicata,  126,  187 
CoNCHiraRA,  140 ;  respiration  in,  316 ;  ner- 
vous system  of,  437 
Conjunctival  membrane,  537 
Consonants,  689, 690 
Contractility  of  muscular  fibre,  577,  583-590 ; 

dependent  on  its  nutrition,  589 
Contractions  of  heart,  869,  871, 581,  583 

—  of  muscles,  energy  of,  593-596 : 
nso  of,  in  Clonic  functions,  597  ;  in  loco- 
motion, 597 

Convex  surfaces,  influence  of,  on  light,  589- 

531 
Convolutions  of  brain,  456,  458 
Convulsive  movements,  473,  474 
Cooling  effects  of  evaporation,  372,  373 
Coral,  flexible,  131 ;  stony,  133, 134, 169 
Coral-forming  animals,  131-134 
Cornea,  structure  of,  46,  533 
Corpus  callosum,  458 
Corpuscles  of  blood  (see  Blood) 

—  chyle,  822 
Cortical  substance,  of  brain,  430 

—  —         of  kidney,  aW 

~-  —         of  teeth,  178;  chemical 

composition  of,  179 ;  structure  of.  180 

Cotyledons  of  Planto,  736 

Crab,  anatomy  of,  107  :  metamorphosi.s  of, 
106  ;  nervous  system  of,  447 

Cranium,  bones  of,  617,  623 

Crassaroentum,  236 

Cray-fish,  108, 110 

Cricket,  leaping  powers  of,  662 ;  sound  pro- 
duced by,  678 

Crinotdea,  128 

Crocodile,  93 

Crustacxa,  general  characters  of,  107-111 ; 
formation  of  shell,  170 ;  casting  of  shell, 
493 ;  teeth  of,  in  stomach,  202 ;  circulation 
in,  298 ;  respiration  in,  315 ;  liver  of,  356 ; 
luminousness  of,  396 :  reproduction  of 
claws  in.  730 

Crystalline  len^  536 

Cutis  vera,  490 

Cuttle-fish,  hik  of,  350 

Cuttle-fish  tribe,  121  (see  Cephalopoda) 


D. 

Death,  of  the  body,  56 

_    of  parts,  continually  taking  place, 

53-07 
Death-watch,  677 
Death's-head  Moth,  678 
Decay  of  dead  animal  matter.  54.  160 
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Decay  oontinnaUy  taking  place  In  living 

body,  A3-^7 
Deer,   foot  of.  659 
Defecation,  171.  216 

Degeneration  of  tieBuea,  fkom  want  of  nae,  90 
Deglntltion,  171  192-196,  476 
Diaphragm,  defiolency  of.   In   Birds  and 

Reptilea,  327;  peculiar  to    Mammalia, 

330 ;  action  of,  in  respiration.  331-333 
Diet,  natural,  of  Man,  163»  164  ;  modifioa- 

tlon  of,  in  various  disordiers,  165 
DioBsnoN,  several  stages  of,  171 ;  nature 

of,  204-211 
Digestive  cavity,  characteristic  of  Animals, 

12, 13 ;  formation  of,  in  embryo,  745,  748 
Diraotfam  of  action  of  muscles,  606^11 
Distance,  adaptation  of  the  eye  to,  560. 551 ; 

mode  of  estimating.  663-665. 
Dogs,  intelligenoeof.  717 
Doris,  circulation  in,  290;  respiration  in, 

316 
Dorsal  vessel  of  Inasots,  Ac,  293 
Draco  volans,  668 

Duration  of  luminous  impressions,  667 
Dytiicus,  444 

E. 

Eart  simplest  forms  of,  512,  514 ;  of  Man, 
external,  515 ;  middle,  516, 517  ;  internal, 
518-521 ;  bones  of.  516 

Earthworm,  115,  729 

EcBiiTooaRMATA,  128 ;  circulation  in,  295 ; 
luminousness  of,  396 

Echinus.  128 ;  teeth  of.  186 

Egg  of  Birds,  structure  of,  741 

—  membrane,   structure  and  formation 

of,  23. 741 

—  shell,  permeability  of,  to  gases 
Elastic  fibrous  tissue,  29 

Elasticity  of  arteriee,   274,  275;  of  food, 

649  ;  of  vertebral  column,  631 
ElectrUitp,    animal,  sources  of,   416;    in 

Man,  417 ;  in  Gat,  418;  iu  Fishes,  419-424 
—        and  nervous  agency,  analogy  of, 

488,587 
Electric  organs,   structure    of,    421,    422; 

copiously  supplied  with  nerves,  423 
Elephant,  trunk   of,  172  :   tusks  of,  177 : 

intelligence  of,  717 
Embryo,  origin  of 
—       development  of 
— >       circulation  in,  283 ;  rBq>iratlon  in, 

£64 
Emotions,  477. 478 ;  influence  of  on  muscles, 

890 ;  on  organic  functions^  461 
Enamel,  178  ;  chemical  composition  of,  1/9 ; 

structure  of,  180  ;  arrangement  of,  182 
Endosmose,  action  of.  on  blood  corpuscles, 

232 


EntOKoa,  116 

Ephemera,  315 

Bpldennis,  structure  of,  35, 492,  494 

Epidermic  appendages,  36 

Epileptic  fits,  473 

Epithelium,  structure  of,  39;  acticQ  of,  in 

secretion,  39,  4(l,  355 
Eustachian  tube,  516, 517 
Evaporation  from  surface,  370^3 ;  cooling 

effects  of,  372, 373 
EzcRBTioir,  perfonned  by  ceUs,  42 ;  olijectN 
of,   346-361 ;    materials  formed   in     the 
blood,  351 ;  effiscts  of,  if  retained,  351 
BxhalatioH  of  moisture  from  the  lungs, 
343;   from  the  skin,  370-4174;    amount 
of,  374 
J?ye,  an  optical  instrument,  532,  543-553 ; 
structure  of,   in   Man,    53^.596: 
motions  of,  638,  539;  aberration 
oortected  in,  547,  M9;  adaptation 
of  to  distance,  56a  551 ;  limits  of 
visitm  by,  564;    common  aensl- 
bilftyof,ff71 

—  long  and  near^atghted,  58B,  553 

— •   peculiar  structure  of,  in  Articulata, 
573-675 

—  deficient  In  some  Vertebrata,  572 

—  rudiments  of,  in  the  lowor  animals, 
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P. 
Pace,  bones  of,  690^^623 ;  mnades  of,  824 
Pacini  angle,  719^  720 

Fat.  uses  of,  44,  412 ;  deposition  of,  157, 162 
Fatigue,  sense  of,  5^ 
Fatty  tissue,  structure  of,  44 
Fertilization  of  ovum,  742 
Fibre,  muscular  (see  Mntcular  Fihrs) 
Fibres,  of  nerves^  428,  499,  431 
Fibrin,  properties  of,  18,  19;  production  of, 

from  albumen,  18,  19,  381  ;  conaoUdatidO 

of,  into  fibres^  93,  236,  381 ;  into  mem- 

brane,  31 
Fibrous  tissues,  general  uses  of,  9 ;  forroa- 

tionof,  23;  general  ofaaraoteis  of,  23-30; 

nutrition  of,  382, 386 
Fibnvoartilages,  45 
Fins  of  fishes,  99 
Fire-files,  397 
FraRm,  general  structure  of,  98-101 ;  drcu- 

lation  in,  286;  re^iration  in,  317,318; 

air-bladder   of,    324;    luminonsne*    of. 

S96 ;  heat  of,  405 ;  electricity  of,  419-424 : 

nervous  system  of,  453;    movements  of. 

666,  667 
Flea,  leaping  powers  of,  596, 662 
Flesh-fly,  voracity  of  larva  of,  141 
Plight,  action  of,  667.  671;   Impoarible  in 

Han,  673 
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Fl7ing-fiata,6e7 

—  Lemur,  068 

—  OpoaRiin,66Q 
-—     Squirrel,  66B 

Folltelaii  of  mnooiiB  membrane*  38, 39 

—  ofglandii,a''i«,356 

Pood  of  Animalfi,  10,  11;  dcrired  from 
Plants,  144-147 :  fh»m  Animals, 
14&-.IfiO;  chemical  natniv  of,  1S3, 
154 

—  ,  demand  for,  14(S  141 
Foot,  stmoture  of,  048, 849 

—  of  MollnsoK,  ISO 
Freeslng  of  animal  bodies,  64,  405 

Frog  tribes  95-87:  blood-discs  of,  280; 
metamorphosis  of,  96,  96;  change 
of  oiroolating  ^stem  in,  S87-S88 

—  ezperlmente  on  nenrous  system  of, 

406,408 
Functions  of  liying  beings,  8;  nutritlTe,  9, 

3 ;  animal,  4 ;  general  tendency  of,  to 

common  end,  57 
Fulgorids,   luminousness  of,  400;    sound 

emitted  by,  079 


G. 

GfilUbladder.  369 
Galloping,  000 

Ganglia  of    nervous  qrstem,  66,  71    (see 
Ntrvcut  SifiUm) 

—  of  special  sense,  functions  of,  475- 

479 
->       olfsetlTe  and  optic,  453-466 
GAvrmoFODA,   193,    circulation    in,    290; 
respiration  in,  310 ;  nervous  qrstem  of,  438 
Gastric  Juice,  904 ;  properties  of,  907-910 

—         artiflcia1,910 
GaTial,  teeth  of,  186 

€Matin,  nature  of,  90;  chemical  composi- 
tion of,  91 ;  use  of  as  food,  169;  present  in 
blood,  380 
Gelatinons  principles  of  food,  163 ;  desti- 

natinn  of,  169 
Ctommules  of  polypes,  746 
Germ,  preparation  of,  In  plants,  733,  784 ; 
in  animals,  736, 738 

—  reception  and  maturation  of,  in  plants^ 

733, 734 ;  in  anlmala,  735, 739 

—  derelopment  of,  in  plants,  736;   in 
animalP,  743-761 

Germinal  membrane,  744 

—  spot,  740 

—  TeBlc]e,740 

Gissard,  of  Birds,  fiO^  901 ;  of  Insects,  909 ; 

of  Polypes,  134 ;  of  Rotlfera,  117 
Glands,  secreting,  structure  of,  356-.3B8 

—  mesenteric,  918 ;  lymphatic,  919 
Olnnens,  310 


Globules  of  Blood  {tee  Blood) 

Glottis,  198, 194, 081 

Glowworms,  388-401 

Gluten  of  bread,  composition  of,  153 

Gnat,  larra  of,  391 

€h>at-moth,  larra  of,  141 

Gold-fldi,  143 

Gout,  nature  and  cure  of,  348, 349 

GraTel,  348,  367 

Gregory,  Dr.,  case  of,  349 

Grey  substance  of  nerres,  430, 431 

Gymnotus,  electricity  of,  419-424 


H. 

Hall,  Dr.  Marshall,  referred  to,  471 

Hamster,  instinct  of,  699 

Hands,  use  of,  in  prehension,  179, 173 :  in 

locomotion,  674 ;  rtnioture  of,  041-644 
Hare,  leaps  of  the^  OSl 
Harts  forest,  devastated  by  Insects,  147 
Haversian  canals  of  bone,  47, 48 
Head,  definition  of,  119 ;  bones  of,  817-093  ; 

mnaclee  of,  024 
Hearing,  sense  of,  510-4S94;  improved  by 

cultivation,  595 
Heart,  945 ;  structure  of.  In  Man,  &o.,  965* 
957.  881 ;  action  of.  860.  870,  561, 
583 ;  valves  of.  878,  873 ;  number  of 
pulsations  of,  871 ;  respiratoiy 
and  systemic,  881 

—  structure  of,  in    Reptiles,  884 ;   in 

Fishes,  886;   in  MoUusca,  890;  in 
Cephalopoda,  891 ;   in    Crustacea. 
999 ;  in  Insects,  893 
HeaU  sustained  by  Animals,  Tntrod,  379, 
373 
<—   generated  by   Animals,  403-415;  of 
Invertebrate,  404  ;  of  Fishes,  406 ; 
of  Reptiles,  406 ;  of  Birds,  407 ;  of 
Mammalia,  407 ;  of  Man,  407 ;  of 
young  animals,   406 ;  of  Insects, 
410,  411 

—  animal,  dependent  on  combustion  of 

oarbon  and  hydrogen,  418, 413  :  on 
supply  of  oxygen,  413 ;  maintained 
by  respiration,  414 ;  not  directly 
dependent  on  nervous  tnfluenoe, 
416 

Hemispheres  of  Brain,  449 

Herbivorous  animals,  144-147 ;  nutrition  of, 
109 

Hingejoint,  004 

Holothurise.  188, 199 

Horseb  foot  of,  869  ;  intelligence  of,  006 

Howling  Monkeys,  084 

HumMe-beek  108, 410 

Hunger,  sense  of.  140,  806 

HyabBa,]99 

0 
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HybtniaHon,  9U9 

Hydra,  dawription  of.  14;  reforredto,  131, 
M6,  £77 ;  propagation  of,  by  bada,  7S5 :  by 
artlflofal  dlviakm,  7Sft  >  by  ogga,  738, 730 ; 
doTelopmflnt  of  ovum  of,  74A 

Hydropathic  iystem,  374 

Hydrophobia,  474 

Hysterlo  dlaorder,  474 


Iliao  bonea,  643 

Imbibition  of  fluid,  41 

Immortality  of  the  anul  of  man,  7S1, 7^ 

Impreaaion  on  nerroat  qratem,  438, 486 

Inolaor  teeth,  181, 187 

Infanta,  neoeaaity  of  warmth  to,  406,  409 

Ink,  of  outtle-fiab,  309 

Inflammation,  increaae  of  fibrin  in,  S41 

InaallTatlon,  17a  190. 191 

Imncra,  general  cbaractera  of,  103-105; 
digeatiye  apparatus  of,  809 ;  circulation 
in,  293  ;  aeoreting  apparatua  in,  358;  lu- 
minouaneaB  of,  397-401 ;  heat  of,  410, 411  ; 
nerroua  qratem  of,  440-446 ;  inatincta  of, 
483,  484,  697-718 ;  antennc  of.  498,  499 ; 
Oyea  of,  573-575 ;  muscular  power  of,  596, 
662  ;  wings  of,  670  ;  production  of  aonnda 
by,  676  679 

Inatincta  of  Articniata,  72 

InatinctiTe  actions,  682 ;  charaotera  of,  094  ; 

ezampleaof,  696-716 
—  —      oorrespondmce  of,  with 

ganglia  of  special  aenae,  475-479 

Intelligence  of  Yertebrata,    68,  483,  694; 
examplea  of ,  695^  717 
—  correspondence  of,  with  deve- 

lopment of  the  cerebrum,  452,  698,  718, 
719 

Intenrertebral  au^sianoe,  631 

Infeetlnal  tube,  motion  of  aliment  through, 
215 ;  digeation  continued  in,  213,  214 ; 
relative  length  of,  213 

Inteatinal  worvoB,  116 

Invartebrata,e9 ;  absorption  in,  821 ;  nature 
of  circulating  fluid  In,  221,  935 ;  beat  of, 
404 

Involuntary  movements,  591 

Iria,  5391 534 

Iron,  a  constituent  of  animal  bodiea,  168, 
167  •  of  red  oorpuadea  of  blood,  832-234 

Uins,  112 

Ivoiy,  structure  of,  178,  180 ;  chemical  com- 
position of,  179 

J. 

Jaw,  motion  of.  In  Qnadmpeds,  188;  in 

Man,  189 ;  articulation  of,  623 
Joints,  604  :  diMlnoation  of,  005 


K. 

Kangaroo,  leaping  powers  0f ,  661 ; 

of,  661 
Kidneys,  atmoture of,  387, 818, 389;  eliSaeta 

of  their  excretion,  346-348 


Labyrfaithofear,  619 
Laohrymal  duct,  540 

—  gland,  540 

—  aao,  540 
Laoteala,817.218 
Laotid  add,  349. 367 
LampyridsB,  397-399 
I<and-crab8^  315 
Lantem-flieab  400 

Larva  of  inaect,  104 ;  vcmAty  of*  41 
Larynx,  192;  atmcture  of ,  680488 1  inUi^ 

685 
Laughing,  act  of,  341 
Leaping,  661, 662 
Leech,  114, 115   . 

Leg;  bonea  and  muaelea  of,  646, 647 
Lepldosiren,  97 
Leverage  of  bonea,  612-615 
Ligamenta,  atmctareof,  29 

—  vocal,  681-684 

Light,  emitted  by  living  animala,  194408; 
by  dead  bodiea,  402 

—  propagattoQ  of,  586;  lelkaetioii  of, 
527-538 

Lime,  preaenee  of,  in  booea,  49;  fat  egf-ahett> 
168 ;  in  coni,  109;  in  aheU  of  era»> 
taoea,170 

—  aooroea  of.  In  animal  bodiea,  106-170 
Limulus,  109 

Liquor  sangiiinia>  9S9, 238,  838-93a  388.  3B8: 

393 
Lithic  add,  346, 348,  367 
Liver,  atructure  of,  356,  358;  pvopoHiaaal 
devdopmont  of,  365 

—  objeeta  of  ita  exoretioD,  346^  389 
Living  beings,  diatingniahed  hf  their  alrae- 

ture  and  aetiona,  1, 2 
Llaard  tribe,  93 
Lobater,  106 
Lock-Jaw,  473 

Locusts,  vonudty  of,  146 ;  mult^UeaUoB  nf 
.  prevented,  149 
Loog-aighted  eyea^  558, 553 
Lumlnousneas,  animal*  394-400 ;  oaea  e4^  401. 

402 
Lungs,  mdimeniaiy  In  flahe^  384 ;  In 

tUaa.  385 ;  iv  birds,  398^  387 ;  in  1 

398-333 
Lymnmis  stagnalls^  73. 74 
Lymph,  coagnlable,  838 
Lymphatioa,  819. 2S0 
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Mactra,  126 

Halapterunis,  elwtrlOt  41&i  4S3 

Uammaua,  general  ■^cture  of,  84-86 ;  dl- 
gestfre  apparatus  tai  197-199;  blood-discs 
In,  289;  clrculatioa  in,  281.  282;  re^ira- 
tion  in,  3S8<S33 ;  heat  of*  407  *  nervous  sya- 
tem  of,  4fi6 

Mammary  glandi^  structure  of,  376 

Man,  food  of,  163 ;  quantity  of  air  required 
by,  334-337;  arterial  system  of»  456;  heat 
of,  407 ;  nenrous  qystem  of,  456-462 ;  pecu- 
liar oharaoters  of  soul  of,  721 ,  722 

Mantis^  actions  of,  444 

Mantle  of  MoUntoa,  118 

Marmot,  hybernation  of,  309 

Marrow  of  bones,  47 

—  Bpinal  (see  BpifuA  Cord) 
MasticaUon,  171  >  174-189 
Medulla  oblongata,  450, 400 
Medusc  130 

Mesentery,  218 
Mesenteric  glands^  218 
Metamorphosis  of  frog  tribe.  95,  96 
>^  Insects,  103-105 

—  Crustacea,  106i  100 

—  tissues,  160 

MUk,  different  classes  of  aliment  contained 
in,  158 ;  chemical  composition  of,  377 ;  in- 
fluence of  food  on  production  of,  164 ;  in- 
fluence of  mind  on,  353 

Milk-teeth,  187 

Mineral  ingredients  required  by  animals, 
166-170 

Mitral  valve,  272 

Molar  teeth,  181-183 

MoLLDBCA,  general  oharacters  of,  73-78; 
separation  of,  into  classes,  118-196 ;  circu- 
lation in,  290 ;  respiration  in,  316 ;  strao- 
tnre  of  liver  in,  356;  of  kidneys^  358; 
luminousneas  of,  396;  nervous  system  of, 
435-439 

Monkey,  interinr  of,  06 

Mortality  under  different  oirouinstanoes, 
Introd. 

Morements  of  eye,  539 

Mucous  membranes,  general  structure  of,  37» 
38 

MuseUi,  general  structure  of,  383 ;  general 
purposes  of,  7 ;  voluntary  and  in- 
voluntary, 501,  502;  direction  of 
action,  606^611 

—  of  eye,  538 ;  of  face,  624 ;  of  trunk, 
637 ;  of  arm,  638, 640 ;  of  hand,  641 ;  of  leg, 
646,647;  of  foot,  648 

Mu9€ular  fihre^  structure  of,  578  •  contrac- 
tion of,  579 ;  alternates  with  re- 
laxation, 581 ;  energy  of,  593-596; 


action  of,  on  bones,  582 ;  con- 
tinued action  of,  after  death, 
583  :  influence  of  electricity  on, 
585,   586;    use  of,    In  organio 
functions,  597;  In  locomotion, 
597 
—       contractility,     an    Independent 
power,  589;  influenced  by  nutrition,  589 
Musk,  odour  of,  504 
Mygale,  700 

MvRiAPODA,  general  structure  of,  112  ;  ner- 
vous system  of,  440 

N. 

Near-sighted  eyes.  552,  553 

Necrophorus,  703 

Negroes,  skin  of,  375 

Nepa,  322 

Nereis,  115, 314, 729 

NiRTons  SvsnM,  general  structure  of,  383 ; 
general  oli^Jects  of,  6 ;  form 
of,  in  Vertebrata,  65 ;  in 
Articulata,  71;  in  Mol- 
lusea,  78 ;  In  Radiate,  79 

—  particular  structure  and 
actions  of.  In  Radiate 
434;  to  MoUuscfl,  435- 
439;  in  Articulata,  440- 
446;  to  highest  Inverte- 
brate, 447,  448;  in  Verte- 
bratai  449—452 ;  in  Fishes, 
453;  in  Reptiles,  454;  in 
Birds,  455;  to  Mammalia, 
456 ;  in  Man,  457—462 

—  the    instrument    of    the 
mind,  427;  tofluence   of,   on   Secretion, 

190,  353 ;  on  muscular  contraction,  iW4, 
585 ;  on  animal  heat,  415 
Nerves,  white  matter  of,  428 ;  functions  of, 
429 ;  distribution  of,  431 

—  grey  matter  of,  430,  431 

—  cerebral,  in  Man,  458 

—  spinal,  457,  460 

—  ^mi»tbetlc,  461 

•~     supply  of,  to  electric  organs,  423 
Nests  of  birds,  704, 705 

Newt,  07 

Nictitetittg  membrane,  540 

Nitrogen,  use  of  in  air,  302  (see  AxoU) 

Non-acotised  compounds,  154;  destination 
of,  155-157,  162-165 

Nose,  structure  of,  506.507;  common  sensi- 
bility of.  508 

NuTRinow  of  tissues,  increased  by  use,  242, 
569 ;  dependent  on  liquor  sanguinis,  243, 
%0,  381 ;  mode  of,  to  different  tissues, 
386-388 ;  share  of  blood  to,  391 ;  share  of 
blood-vesels  in,  392 

Nutritive  functions  of  Animals,  15 
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O. 


0»k,  nipportfl  WKBunm  oAtcvpUlan,  145 

Ootopw,  191 

Odoun^  SOi,  805 

OSflophiigiu,  188 

OleMinoiu  piindplM,  1«3;  toHiwfion  of. 

1M.|£7>  162 
OlfacUve  gangUa,  U3-4S$,  4W 

—      iMrTeB,fi07 
Optio  gan^Ua,  453-400;  458 
Oiganio  life,  4.  38S,  4S^  498 

—   functtona,  Inflngncied  byeinotioiM,481 
Ofgani  of  Seme  (na  Sensaium,  Otguu  of) 
QniitliorhyiMnu,  18Bk  0S4 
Ovule,  ttnioftare  o^  73B 
Oxygen,  oarrled  by  Uood-corpmolee.  34, 

934, 306 ;  absorbed  in  reviratkni,  300^  303; 

quantity  dependant  on  mueonlar  action, 

807-308 

Oytler,  190;  194,316k  437 


P. 

PALff  or  IifUK7n»  179, 5<B 

Pal^y  of  mnaoieik  588-500 

Palttdlna,l93 

FaplUa^  431, 490 :  of  tongiMb  501 

Parotid  gland,  356 

Fucy-waxy,  99 

PiBOten,  nenroiie  igntam  of.  78i  437 

Pengoin,  0S7 

Perch,  skeleton  of,  08 

Perioardiiun,  955, 9M 

Peristaltio  morement  of  Intestines;  915, 561, 
683 

Perltoneiun,  913 

Pharyngeal  ganglia,  439;  446 

Fhaiynz,  199 

Phosphorsaoenoe  of  the  tea,  304 

Phosphonu  in  animal  bodiee»  168 ;  sowoee 
of,  167 ;  Ugbt  prodnoed  by,  409 

Pigment,  black,  of  ^ye,  583;  nae of,  545 

Pigment-cellib  482. 533 

Pltoh  of  sound,  dependent  on  number  of 
▼ibrations,  523, 689 

Planaria,730 

Plantb,  general  rerlew  of  Amotions  of»  9, 3 ; 
action  ci  cellB  in,  43 ;  aUbtd  Ibod  to  Ant- 
mata»  144-147;  nssmblanoe  of  their  life 
to  oivanio  life  in  Animals,  495,  426 ;  re- 
prodnotion  of.  by  bndiy  794 ;  by  distlnot 
germi^  73%  734 

Plaatron,99 

Plethorfo  state  of  body,  933 

Pleun,3n 

Polaonona  gaassb  344 

Polygaetrioa,  13B»  137 

Polype  freehwater (ese Ii9drm) 


Ot,7Mi 


U, 


FULvrvasA,  131-134; 

gcmmulee  of,  745 
PompiUuSi  703 
PoaiFBUA,  135 
Foul|i^lSl,448 

Ptehenalon,  act  of;  I71-173i  674 
PMMn8iletaU,674 
Pliuiary  fkund  of  Plants,  738 
Prqleotion,  Idea  of;  to  what  due, 
Proteus^  Uood-dlaosof,930 
Ptsndaotybuk  600 
Ptsaofona,  199 
Pulmonary  oiKulation,  967 
Pnlee^276 
Pupa,  104 
PupU,  533;  dilatation  and  oon 
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Queen-bee,  719;  714, 716 


R. 

Rabbit,  teeth  of,  177 
Radiata,  general 

rion  of  into  dsans^  198-137 ; 

908 :  nerrooa  system  of,  431 
Radiui^630 
Ray,  peculiar  swimmlnff  of,  i98 

—  elMstiie,  419 
Red  oerpnsolea  ef  bkiod  (soo  JNeerf) 
Reflex  actkma.  195,  348,  432;  4S;  898;  in 

MoUueoa,  436,  430 ;  In  Aftiesdaft 

445,  603 ;  in  Tectelnla,  451  {  tho 

oord  their  lnetrument,464-474 ; 

on  etimuli,  466 ;  not  dspendsn 

Uon.  467-469 
Refraction  of  light,  897-^38 
Rennet,  17;  nature  of;  190 
Repair  of  iiOuriee,  308, 728^732 
JUprodMeHoHt  general  nature  of,  79S;  by 
bnda  In  PImIb,  794:  by 
buds  and  aiibdiihiim  lu 


of. 


—  spedall 

733, 734 :  In  Antanale,  735-751 
RamLBB,    general    Oharaolen  of,  01-67: 
blood-dlsoe  In,  438 ;  dronlatlon  te.  98^ 
985  ;  reqtizatlon  In,  300, 399 ;  Impsstome 
of  skin,  aersBpliatoiy  organ  te,  att;baat 
of.  406 ;  nerrona  qrBlemoi484 
Repubtloan  Qroebeak,  710 
Resietanoe,  sense  cf,  486 
RxsptRATioir,  298 :  uea  of  Mood  nnrpuecloB 
In.  934, 935 :  neoosrttyiar,  997 ;  in 
I;  esssntlal  natare  oi; 
of,  In  BIrda,  Maannalla,  am 

It  of.  In 
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prmrfakmlbr  In  lowwt,  311 ;  um  of  oUIa 
In,  319.  380;  an  ezoretlnf  prooeM,  34A, 
346 :  BulMerTlent  to  malntanuioe  of  hMt, 
41S-414 ;  In  embryo,  749 
BMplrmtory  appuatoa  of  AniwIWa,  314 ;  of 
aqnatfc}  Inaeoto.  31A ;  of  Crtu- 
Uoeft,  3U ;  of  MoUiima,  316 ; 
of  PIflhes,    317,   318,   324;  of 
Inseota,   3S0-3n;    of  Anoh- 
nidA,383;  of  ReptllM, 8SS ;  of 
Birds,  386;  3S7 ;  of  BfammaUa, 
398-333 ;  of  embryo,  749, 7M 
->        morementi^  340>342 

—  aorftuw,  eztenaion  of,  319 ;  pro- 

longation of,  extarnnlly.  Into 
gak,  313:  Intenudly  Into 
langa»313 

—  ^yitem  of  nervea,  In  Artksalata. 
446;  In  HoUuaoa, 437, 436 ;  In  Vertobnta, 
450 

Rote  muooenm,  469 

IUbi^633 

Rookie  benefit  of;  146 

Rotlfera,  117 

Rumination,  196 

Ruminating  AntmalH,  etomaoh  of,  196 

Running,  aot  of,  660 

8. 

ftaeotaarlne  alimenti^  1A3;  destination  of, 
155-137*  169;  oonTenlonof,  Into  oleagl- 
nons,  156 

Baomm,  694,645 

Salamander,  738 

SaliTB,  aeoretion  of,  190 ;  union  of  with  food, 
191 

Bait,  use  of,  168, 167 

Bandhopper.  109, 108 

Bangnificatlon,  171 

Sannderaon,  case  of,  496 

Boapula,634.  635»637 

Bolerotio  ooat,  533 

Sea  Anemony,  80 
—  Cucumber,  196 
«.  Nettte^  130 
~  Urchin,  198 

Seal,  664 

Sebaoeous secretion,  375 

SacBsnoN,  genenU  nature  of.  15,  945;  aot 
of,  perfonned  by  oells,  39.  40, 354 ;  distin- 
guished tmok  excretion,  346 ;  transparence 
of,  361 

Secreting  follicles,  355, 366 
—       tubes,  307, 358 

SemldrQnlar  canals,  518, 580 

Semilunar  valreib  973 

Stmation,  439;  oDpms  ef,  6;  gcnsful,  467; 
special,  488;  dependent  on  iupply  of  blood, 
431,487;  modes  of  0zdtlng,487t  486 


Sensorium.  489^  466 

Serous  membranes,  structure  of,  98 ;  amnge- 

meat  of,  856 
fieipento,  94, 498 
Serpule.  115, 314 
Sertularla,  131,  896 
Serum  of  blood.  840' 
Shark,  teeth  of,  186 
Shells  of  moUosoa,  3S»  73, 181-184 
Sighhig,  341 

Sight,  sense  of.  596-a75  (see  Visfam) 
Silk-wonn,  104,  105;  Toradty  of  larva  of, 

141 
Sitttaig  posture,  654, 655 
Sise,  estimate  of,  566 

£%eMon,  position  of.  In  different  animals, 
61,  599;  internal  of  yertetarata* 

68,  600 ;  external  of  articulata, 

69,  600 ;  of  moUusca,  73,  600 ;  of 
radlata,  81, 600 

—  of  camel,  85 ;  of  bird,  88,  89, 689 ; 

of  turtle.  99;  of  perdi,  98;  of 
kangaroo,  661 ;  of  ssal,  664 ;  of 
dugong,  685;  of  bat,  689;  of 
pterodactylus,  669 

—  artlcolatkm  of  pieces  of,  601-6U5 
Skin,  structure  of,  36 ;  exhalation  from,  370- 

374 ;  secretions  from,  375 ;  structure  of, 

490,491 
Skull,  bones  of,  617-619 
Sloth,  peculiar  arterial  dletrlbutlon  In.  864  ; 
Slug,  73 

Sluggishness  of  moUusca,  74 
Smell,  eense  of,  504*509 ;  conosmed  In  taate, 

501 
Snail,  73;  731 ;  structure  of,  76 
Bneesing,  348 
Sobbing,  341 
Song  of  animals,  686 
Soul  ofMan,  791, 789 
Sounds,  propagated  by  Tibrations,  510, 518 ; 

produced  by  Insscts,  676-679 ;  Iqr  larynx, 

688;  pitidi  of,  dependent  on  number  of 

Tibrations,  583, 688 
Spatangus,  149 
Spectacles,  choice  of,  553 
Spherical  aberraUon,  546, 547 
Sphinx  Ugustri,  441 
Spiders,  106;  circulation  in,  9SS;  nerrons 

qrstem  of,  447 ;  insttncta  of.  696, 760 
Spinal  column,  63, 64, 696-638 
Spinal  cord,  65, 451, 466 ;  Indspcndent  powers 
of,  464-474 ;  origin  of  nsnraa  firom, 
451, 457 
^     nerves,  457, 460,  464 
Sponge,  5, 135 
Stammering,  691 
Standing  posture,  650^694 
Star4ab,  76. 198, 169, 434, 797 
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Btemunip  89^  98, 633 

BCflraoaoope^Ml 

Btomaoh,  neoanity  for,  in  •nimali^  10-18; 

form  of,  197;    in  nuninantia,  198;  199; 

moTemenU  of,  806 
Stomato-gutrlc  qratem  dT  nerreib  447-450 
Stork,  653 

Sfcurgeon,  oontinued  action  of  heart  of»  MS 
Bucking,  act  of,  478 
Bnflbeation,  338,  339 
Bulphor,  in  animal  bodiei»  168 ;  aoaroea  of, 

167 
8aturMb60S 

Swallowing,  act  of,  198-196 
Swimming,  act  of,  663, 666 
Sympathetic  ^yitem  of  nerree,  461, 468 
Bynoope,  871 

T. 

Tadpole,  95-97  ;  ciroulatiom  In,  887-880 

Tailor-hird,  neet  of»  707 

Tape-wonn,  lltt 

Taste,  eenee  of,  £00*503 

Teeth,  develo|>ment  of,  174 ;  outting  of,  175 ; 
oontinued  growth  of,  177;  oeceation  of 
growth  of,  176;  atructnre  of^  178-180; 
diflteent  kinds  of,  181-183 ;  ftrst  set  of,  187i 
motion  of,  in  mastication,  188, 189 

Tellina,  316 

Temperament,  718 

Temperature,  sense  of,  487 

Tendons,  structure  of,  89:  attaohment  of 
mnsoles  by,  568 

Tentaoula,  118, 178 

Testaoella,  73 

Thoracic  duct,  884 

Thnnny,  405 

Timbre  of  Sounds^  584 

Tissues,  of  AninuOs,  general  account  of,  9 ; 
chemical  composition  of,  16;  fibrous, 
83^;  membranous,  31 ;  cellular,  ZS-SSi 
mnscular,  678  ;  nenrous,  488-430  ;  dege- 
neration of,  from  want  of  use»  30 ;  oon^ 
tfaiual  decay  and  renewal  of,  53^7 

Tongue^  nerves  of,  Soi ;  mechanical  uses  of^ 
503 

Torpedo,  electricity  of,  419,481 

Tortoise-sheU,  98 

Tortriz,  7D1 

Tonch ,  sense  of,  489-499 

Transference  of  secretion,  361 

Tkanaf  otion  of  blood*  943 

Tricuspid  Talve,  878 

Tridaone,  184 

Tritonla,  316 

Trunk  of  Elephant,  178 
—       Insects,  173 

Tubercle,  nature  of,  389 

TvmcATA,  186 ;  cirouUtioa  in.  994 ;  twpi* 


ratioa  In,  316;    luminoi 
.   nenrons  system  ci,  435^  436 
Turnip-fly,  voracity  of,  147 
Turtle  tribe,  98 
Tynipanum,  516^  517 

U. 

tnna,639 

UngkapuU,  674 

Unity  of  Design,  9Q1 

Urea,  345»  367 

Ureters,  368 

Uric  acid,  346, 348, 367 

Urinary  apparatus,  357, 358, 389 

—  bladder,  368 

—  excretion,    purposes  of,    346-348: 
efliscts  of  suspension  of,  351 ;  oharaotera 

.  of,  367;  water  diachaiged  by,  368, 368 


V. 

yaiveaofheart,878,873;  of  vriiia,979 

Vascular  area,  747 

Veins,  846 ;  structure  d,  848 ;  pt  assure  of 
blood  in,  849 ;  valves  in,879 ;  arrsaganent 
of,  800  ;  flow  of  blood  tlirough,  877f  87B 

Vena  porte,  866,  366 

Voious  system,  966 

Ventilation,  necessity  for,  396^  337 

Ventricle  of  heart,  857 

Vertebrr,  structure  of ,  64,  688 ;  dasslflca- 
tlon  of,  686 ;  number  of,  687;  union  o^  in 
Reptiles  and  Fishes,  689  ;  in  Man,  630;  in 
Birds,  630 

Vertebral  column,  63, 64, 696-638 

VaaTKBaATA,  general  characters  U,  68-68 ; 
separation  of  into  elaases,  88-101 

Vessels,  origin  of,  in  cells,  58 

Vestibule,  518, 581 

Vibrations,  stmorous,  510^518 ;  pitdi  deter- 
mined by  number  of,  588;  583 

Villi  of  mucous  membrane^  38 ;  absorption 
performed  throng,  41, 817 

Visicn,  dependent  on  light,  586,  548  ;  adap- 
totlon  of  eye  to  distinct,  543^53 ;  limits  of, 
554 ;  Influence  of  attention  on,  555 ;  In- 
ferences drawn  fhnn,  556-566 ;  duration  of 
impreesions,  567;  distinctian  of  eolonxv 
by,  568-570;  erect,  though  picture  In- 
verted, 558 ;  single^  with  two  tym,  559 ; 
doubkb  589 

Vitreous  humour,  536 

Vocal  cordis  681 

Voice,  confined  to  Verlebrala,  680;  how 
produced  in  larynx.  688;  dlAnneea  In 
pitch  and  quality  of,  6891  68# 

Voluntary  movements,  591 

Vol  vox,  ^ 
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Tortlodta,  797 
Towel  Bonnda,  Q89»  880 
Ynlture*  skeleton  of,  88,  89 

W. 

Walking,  act  of,  0ft 

Waepe,  neet  of,  711 

Waete  of  the  aystem,  100,  S(r7t  388 

Water,  paaaed  off  by  kidney*,  SOB,  368;  ex- 
haled from  Icmgii  343,  344 ;  fhnn  akin, 
370^4 

Wax,  formed  from  sugar  only,  155 

Whale,  month  of,  184 ;  peeoliar  arterial 
diatribntlon  in,  865 ;  aensihility  of  surface 
In,  491 ;  blow- holes  of.  509 ;  propulsion  of, 
in  water,  065, 866 

Whalebone.  184 

Wheel-anfmalculeSk  117  ;  drying-np  of,  54 ; 
glandular  apparatus  of,  358 


Wfaigs,  of  Birds,  87,  009;  of  Bat,  009;  of 
Fterodaotylus,  069  :  of  InMcti^870 
—     aoUon  of,  867, 871 
Wi«n,  Intelligenoe  of,  717 


Xylooopa.  703 


X. 


Y. 


Yawning,  341 

Yellow  fibrous  tissue^  89 

Yolk  of  egg,  740 

Yolk-bag,  740 

Young  animals,  heat  of,  406, 409 

Z. 

Zoophytes ,  80 ;  circulation  in,  896 
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ordinary  ezperienoe  as  parts  of  the  system — as  the  first  rounds  of  that  intellectual 
ladder  by  which  they  aspire  to  scale  the  loftier  heights  of  philoeojphy,"  has  been 
well  described  as  a  common  error  among  those  who  undertaJce  to  direct  the  study 
of  Natural  Science.  This  error  will  be  especially  guarded  against  in  the  present 
aeries ;  its  conductors  deeming  a  certain  amount  of  diffusenessy  which  may  be 
thereby  incurred,  a  far  less  evU  than  that  frigid  condseness  whidi  is  so  repulsive 
to  the  beginner,  tiiough  of  yalue  to  the  advanced  student 

Each  of  the  Treatises  will  be  distmct  in  itself,  bul  ihev  vfitt  aU  farm  parts  of 
ong  general  plani  so  that  a  considerable  degree  of  connection  may  exist  between 
them,  and  harmony  be  maintained  throughout.  In  every  department,  care  will  be 
taken  to  give  the  latest  views  attained  at  the  time  of  its  preparation,  provided  tiiese 
appear  well  founded  ;  and  to  embody  as  manv  facts  of  striking  interest  as  may  be 
possible,  so  as  to  famish  entertainment  as  well  as  instruction ;  but  great  pains  will 
be  taken  to  exclude  everything  which  it  might  be  afterwards  desirable  to  unlearn. 

The  high  position  in  tiie  scientific  world  of  the  gentleman  to  whom  its  execution 
has  been  confided,  affords  the  best  guarantee  that  the  whole  work  ^1  be  completed 
in  a  manner  worthy  of  its  importance ;  and  the  Publishers  refer,  with  much  satis- 
faction, to  the  Treatiaes  on  VEGETABLE  PHYSIOLOGY  and  BOTANY, 
already  published,  and  forming  Parts  I.  and  II.  of  the  series. 

It  is  intended  that  the  subjects  shall  be  distributed  under  the  following  heads, 
forming,  in  the  whole,  nine  volumea  The  series  will  be  concluded  with  a  volume 
on  Natubal  Theology,  in  which  reference  will  be  made  to  the  facts  contained  in 
the  previous  treatises. 

CmtMMTaY,  AMD  ITS  APPLICATIONS  TO  THB  AxTt. 
MiKBRALOOT GbOLOOY. 

ysoktablb  physiology botamy. 

Zoology— .Amimal  Physiology. 

Habits  amd  Ihstihcts  or  Animals. 

The  above  will  be  the  arrangement  of  the  series,  when  complete,  with  General 
Titles  and  Indexes ;  but  circumstances  render  it  expedient  to  vary  the  order  of 
publication.  The  Volume  on  Veobtablb  Phtsiolooy  and  Boiajit  was  produced 
first,  there  being  a  peculiar  want  of  an  Elementary  Treatise  on  those  science^  and 
also  as  being  piurticularly  adapted  to  exhibit  the  general  character  of  the  whole 
work. 


Mbchanics — Astronomy — Hydrostatics 


— Hydraolics — Pneumatics. 
Sound  —  EbuT  —  Light  '-'  Elbctricity 
— -SCaonbtibm. 


Part  L— VEOBTABLB  PHYBIOLOOY. 
n.-.BOTANY. 
HL-JIBCHANICAL  PHILOSOPHY. 


Part  IY.— HOROLOOY  axd  ASTRONOMY. 
V.~AiaMAL  PHTSIOLOOY,  Part  I. 
TL— ANIMAL  PHYSIOLOGY,  PartIL 

Are  now  ready  ;  and  other  Treatises  will  be  produced  during  the  present  year. 


It  may  be  necessary  to  announce,  that  the  Volumet  will  be  as  nearly  as  possible 
of  an  average  number  of  pages ;  but  the  extent  and  price  of  each  will  be  go- 
verned by  circumstances :  thus  the  importance  of  the  present  volume  has  led 
to  more  diffbseness  than  will  be  required  in  some  of  the  future  Treatises,  and  a 
corresponding  increase  in  price  sufficient  to  cover  the  additional  outlay  has  become 
necessary. 

To  all  PenoM  engaged  in  Teaching  ;  to  the  Heade  of  Schoole  and  CoUe^ 
giate  Institutions  ;  the  Publishers  eof^dently  recommend  these  Treatises  as 
eminently  adapted  for  Class-books. 
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ARTS,  SCIENCES,    LITERATURE,    GEOGRAPHY,    NATURAL   HISTORY, 

AND   BIOGRAPHY. 

Thtt  Division  of  the  Work  into  Four  Seotiooa,  was  adopted  as  a  more  nataraJ 
aRan^ment  of  subjects ;  and  for  the  accommodation  of  parchasers  whose  taste  or 
pursmts  might  render  the  whole  work  amieeessary.  In  its  present  form,  each 
DiTisioa  forms  a  complete  Work  on  branches  of  knowledge  ckiseljr  sod  nattinlly 
oonneeted  together. 


FIRST  DIVISlOV— Arts  and  Sciences. 
Conteining  aitides  on  all  braoehes  of  Kstonl 
and  BiqMrtmfliital  Fliftoaoptair :  hnntamy.  Modi- 
due,  Chemlstiy,  Fine  Axtii,  and  ManniaetarM  t 
the  latter  drawn,  In  most  Instances,  ttom  Che  expe- 
rleneeof  ttaeworicBfiop.  IntwolaiseSvovoliunes, 
with  upwards  of  Six  Hundred  Woodcuts  and 
Fifty  Steel  Plates.  Price  SOs.  doth,  and  34a. 
half-bound  morocco. 

SECOND  DIVISION-  IMenUure,  Gtegmph^, 
and  Bidorf. 
Contidning  in  its  tbtIous  articles  a  complete 
History  of  the  Human  Spedes,  Description  of  the 
Surfsoe  ot  the  Earth,  the  Progress  of  Geographi- 
cal Discovezy,  and  an  Epitome  and  History  of 
ttie  meet  rare  and  valuable  Literanr  produettons. 
In  three  Tolumes,  royal  8to,  with  about  One 
Thousand  VigneUts^  and  Sixty-three  Maps  of 
Countries  and  Plans  of  Cities.  Price  j6l  As. 
doth  lettered,  and  £2.  lOs.  half-bound  moroooo. 


THIRD  DrV18I0N->3Miir«<  iftftory. 
Fonning  a  complete  ^yilem  of  Natoial  Ui9U)n 
in  which  ttie  prodnetions  of  Nature  are  \xma\>^ 
of,  both  in  their  general  rdaklons  and  In  tli*  ■ 
details ;  by  weU-hnown  wtitets  on  the  v»rio  .> 
branches  of  Natural  History.    In  three  Toluoie- 
roval  8to.  Price  £2.  fie.  d.  lettered,  and  £^  i>'^ 
half -bound  moroeoo.    iBnsirated  by  alxnit  Kn 
Hundred  Vignettes,  engnsTod  on  Wood.  ac. 
Fifty  Stdiings  on  Steel,  t^  Mr.  ThooasUDdfc'ct 

FOURTH  DIVISION— BfMMpJky. 
Fonning  a  complete  Bioaaphkal  Dietioav?. 
in  two  Iso^B  8to  volumes,  iUustnted  with  duhk 
rous  Portraits,  Reddenees,  and  Itainmvci^ 
drawn  on  Wood  by  Mr.  T.  I^ndsser.  ^i'^i  ^ 
Memoir,  suited  in  extent  to  the  lniportarr<^  - 
the  subject,  of  every  person  of  emiseBoe,  sad-Tit 
or  modem,  eompfled  with  the  utmost  csre :  th<  -^ 
points  being  most  prominent  wUdi  msrk  ^■' 
natural  cfaarseter  of  the  individosl  under  co^ 
dderation. 


DOWER'S   ATLASES. 


*** 


The  attention  of  Heads  of  Families  and  Schools  Is  eiqMelaUy  osQed  to  the  foUo«-^ 
Series  of  Atlases,  vrtiioh  trill  be  found,  in  ftillness  of  dstau.,  akaaacTmaee,  aad  ««▲»■»  of  «>^* 
cunoN  to  surpass,  while  in  the  Prices  they  are  intnitely  beio  w,  any  similar  pubtteations. 


In  royal  4to,  prioe  One  Guinea,  half-bound  roan,  for  Schools ;  or  for  the  Librarr, 

Twenty-five  Shillings,  half*boand,  nusia, 

A  GENERAL  ATLAS  OF  MODERN  GEOGRAPHY, 

Comprised  in  Fifty  Maps  full  Coloured,  and  a  View  of  the  comparative  height  A 
MountaiOB  aad  length  of  Rivers  coloured,  so  as  to  indicate  the  Quarters  of  the  World  m 
which  they  occur.  With  a  copioos  conaolting  Index  of  many  Thousand  Plaoei,  with  tbc..: 
latitude  and  longitude. 

In  royal  8yo,  price  12s.,  half-hound  and  coloured, 

A  SCHOOL  ATLAS  OF  MODERN  GEOGRAPHY, 

Containing  Thirty-nz  Maps  of  the  Uemispheres,  Quarters  of  the  Globe,  and  the  Chici 
Connlries.     With  a  copioos  eonsnhing  Index. 

In  royal  Svo^  prioe  7s.  6d.  hstf-hoond  and  oolouredj 

THE  MINOR  SCHOOL  ATLAS, 

Containing  Twenty.one  Maps  of  the  Hemispheres,  Quarters,  and  the  more  imports r% 
Coontrietand  Provinees  ia  the  World.  With  a  oonsolttng  Index  of  manjr  Thonitnd  Nsmo  1 

In  royil  Bvo,  price  5s.j  half-hound  and  coloured, 

A  SHORT  ATLAS  OF  MODERN  GEOGRAPHY, 

Containing  Twvlve  Maps  of  the  Hemispheitis,  Qaarters  of  the  World,  and  Countries  sm  I 
"Vovineee  suited  for  the  Young  to  be  first  acquainted  with. 
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